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AI] S’J’RACYJ’

WC rcpoIt of the discovery aI)d pro]mtics  of CcplIcicl  variab]c stars iII tlIc

barred s])iral galaxy NGC 3351 whicl] is a IIICIIILCI of tlIc  l,CO 1 grou])  of galaxies.

NGC 3351 is OIIC of 18 galaxies I)cillg observed as ])art  of tlIc  IIubblc  S])acc

‘J’clcsc.qm (l IS’J’)  Kcy l)rojcct  OII tJIc l’;xtraga]actic  l)jstallcc  S c a l e  wllicll aillls

to dctlcnnine  tlIc  IIuhblc  Col)stallt  to 10% accuracy. our al]alysis  js based 011

obervatjons  lnadc wit]] tlIc  Wjdc lhcld  and }’laIlctary  Calncra  2 duri~]g 1 9 9 4

aI]cl  early 1995. ‘J’hc 1,CO 1 group contains  scvcra]  brigl]t  galaxies of diverse types

a.lld js very suitab]c for linking tog;ctl IcI” a IIumbcr  of scc.ol]dary  calibrators wlljcl)

call bc cmp]oycd  at IIIUC}I  grcatm djstallccs  tllall  t,llc Cc])llcjd  varjablcs.  W c

jdcl)tify  49 ]mobablc  Ccpl)cids  witl]in  NGC 3351 j]] tllc pcrjod  range 10- 43 days

which IIavc been observed at 12 cpoclis  wit,ll  t,lIc I“555W filter slid  4 c])ochs  using

tlIc 1“814W fi l ter .  ‘J’IIc llSrJ’ l~555W al]d 1’814W data have LCCII trallsforlnccl

to tlIc  JohIIson  V  a n d  Cousins  1 lnap;llitudc  systcIIIs  Ics])cctjvcly.  l’hotomctry

IIas ])rjncjpally  bccII carrjccl  out usjng the l) AOI’ll  OrJ’/Al,l,lI’lt.AMl(;  package.

licfmcncc is macic  to parallc] mcasurcmcnts  being Inaclc with ihc 1)01’110’1’

])acka~;c.

A])parcI]t  ]~cliod-llll~~illosity fuI)ctioI]s  for V and 1 have bccII collstrucicd

assulnillg  va]ucs  o f  ~1~ : 18.50 + 0 . 1 0  lllagnitudcs  and  It(}\- V)  = 0,10

IIlagllitudcs  for tlIc distallc.c  IIIodulus  and rcddc.llilig  o f  t,l Ie l,argc hflag;cl]anic.

Cloud. A true distallcc  II Iodulus  c)f 30.01 4 0.19 IIiag is dcrjvcd corrcs])o])diIlg

to a distallcc  of 10,05 :1 0 . 8 8  h4])c wjt]l a rddc])i]lg  1;( 1~- 1) = 0 . 1 5  II IagI;. A

co]n])arison  is Inadc  wjt,l] cljsta]lcm  cstilllatcd  for otllm galaxies ill tllc lxx) 1

grou]) usjl]g  various distlal]c.c jlldic,ators. ‘1’lIcm is good agrcclIIclIt  wit]] l,llc

S u r f a c e  l~rjglltllcss  }Pluctuatjol]  and l’lallctary  Nebula l,uInillosity  l“ullc~io]i

II IctlIods  as calil.)ratcd  I)y tl]t: (;c])llcids  jll h431.
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S’djccf hcadi7igs:  galaxies: iI]cliI~idllal(hT(~C3351)  - galaxies: distallccx  - stars:

Cq)llcids



1. in t roduct ion

NC(; 3351 (M95)  (cY(2000) U- 10~’43’’L58s;  6(2000) =.. -I 11042’15”) is a Lrig}]t  Ilcarby

cxaInplc  of a band spiral galaxy. %nclagc and ‘1’alnlnalll]  (1981) classify NGC 3351 as

Sllb(r)ll  and g;ivc a 112=-10.52 map;. ‘J’IIc dc Vauccmlcurs  (1 975) iypc is Sll(r)b. Grouncl

I)ascd i]nagcs  (SCC, for cxaln})lc,  Salldagc & IIcdkc (1 994) ]mnc]s 168 and 1 70) s}Iow a

Ijricht  IIUCICUS,  broad bar and two lnajm arlns lnaclc!  u}) of stellar knots  intcrlaccxl  with a

coln})lcx wcl) c)f al>sorbing; clust lanes. NGC 3351 contains  a circulnlluclcar  structure wlIiclI

is related to a twill-peaked C() distribution (11.ubin, F’ordl & l)ctmscnl  1975; l<cnll Icy et

al. 1992). l)ro~lounccd  nol)-c.ircula.r velocities ap])arclltly  result froln  ]natcria]  strca Ini Ilg;

into ihc lmclcar region  froln  b o t h  N]’; a.ncl S W  ancl trige;crillg  star for~natio~l  tJJcrc, ILubil]

ct al. adopt aIl inclinatio]l  of 40° and a lmliocm]tric  systemic velocity of 779+3  kIn s- 1.

‘J’l)is  corresponds to a velocity of 643 k]n s- 1 wit,]l rcs}mct to the local standard of rest.

Wlli]c  the galaxy has considerab]c  interest in its OWII right  as all cwolving  stellar systcm,

fmn t]lc  viewpoint of tllc }Iubb]c  Space ‘J’clcscol)c  (11 S’1’) Key l’rojcct,  its lnost  significalll-

characteristic is its mcmlmship  of the 1 mo 1 group  which  incluclcm  several other bright

galaxies wit]] morpholog;ica]  types ranging from clliptica] (NGC 3377, 3379) and lenticular

(NCC 3384) to latetypc  spiral and Magcllanic  irregular types, Several dcgrccs  to the cast,

wc scc tJIC  I,CO triplet of highly inclincc] spiral p;alaxics (NGC 3623, 3627, 3628). With its

rcasol)aljly  opcII  structure yci appreciable ilicli IiatioIl,  ATGC 3351 was Inarkcc] early as a

g;alaxy likely  to he rich in (k])llcid  variable stars and tl]us  of higl) potclltia]  ill tl]c  IIistancc

%alc l’rojcct.  WC note that it is onc of tllc car]icst  s])iral ty]m included in our sample:.

l“rccdl]lall  ct al. (1 994a)  }Iavc suml~larizcd  tlic cflectivcvlcss  of }1S’1’  ill de t ec t ing  aIId

Jneasuri?lf;  Cc]}hcid variables ill cxtmIIal p;alaxics. Not, oIIly t,llc bet ter  rcso]utioll  of lJIc

tclcsco}~c  I)ut a l s o  t]lc  al)ility  to o])tilllally  sc.l Icdulc  tl]e tclcscc)])c IIlakcs it ]Jossi}~lc  to

carry  out a survey allcl  a study of tlIcsc  stars ill on]y  a cou])lc of lnCn II JIIS ratl]c] tllal]  o v e r



tlIc IIIaIIy years,  CVCII dccaclcs,  whi t .}~  wcmld h ncccld for a groulId-  bad stucly. ‘J’llc

ultimak ai]n of tJIc lIS’J’  l{cy l)rojcct  is to ])rovidc  al] almolutc  ]nag]liiudc  c.alil)ration  f o r

tflIC cxtragaladic  distanm scale. ‘J’llis w i l l  cnab]c tlIc  IIubblc  coI)staIlt  h k cldmnillcd

to within  10% (Kcnllic.uti,  IOccdll]al),  & Mould  1995) . ‘I1lIC mscIIcc  of tlIc  pIograIn  is to

dctcmninc  Cc])llcid  distances via tlIc  ]Jcriod-lllll-]il]osity  rclatliol)  (1’1}  rclatioIl)  to 18 galaxies

wit]] rcdshifts  out to about  1500  kll] s- 1 . ‘1’lJCSC  i]] tUIII will provide tl)c  calibatioll  for

a numlx:r  of secondary il]dicators  SUCII as the ‘.l’ully-l~isllcr  rclaiion, tllcl’lal]ctary  Ncbu]a

ljlllllillosity  l`)Lll]ctioIl,  tllc Sllrfacc  l]riglltllcss  lrlllctllati()l)  I)lctllocl  aIlcltllC)sc clitcriaIclatcCl

to su])crlIova  briglltnms  aIId cx]mlldilip; cIIvclo]Jcx. As dc\~aucoulcurs  (1975) noted, the

l,co  group  isollcoftll(:vcryl~cst  for tl)ccalibratioli  of tllosc(  listallccil l(lic. ators wljicll arc

a})]) licablc to g;alaxics of a particular type.

‘] ’he rcsu]ts  for five galaxies iII the Kcy l)mjcct prograln  havcnow  been pul~lisllcc].

‘J’IICSC arc h481 (Frccdlnan et a l . 1994a),  h4100 (Frccdma]]  ct a l .  1994L; Fcrrarcsc CL al.

1996); h4101 (Kclson  cl, a l . ] 9 9 6 ) ,  NGC 925 (Sill.mlna~ll]  ct al .  1996), slid  NGC 3621

(Ilawm]ctal.  1996). lI]arclatccl  llS'J'}~Iojcct,Cc  ]~llciclsl,  avcl)ccl~lo catc(lal~clst~l  dic(l

in IC 4182 (Salla ct al. 1994), N(IC 5253 (Salla  ct al. 1995) and NGC 4536 (SaJ]a ct al.

1996). llrst  rcsu]ts  IIavc also bccII pul~lisllcd  for N(;C 4639 and NGC 4496A (Salldagc  ct

a l .  1996). Ccp]icids  h a v e  LCCII dctcct,cd  ill tllc I,CO 1 galaxy N’(JC 33&S (h49G) by ‘J’anvir  ct

al. (1 995).  As tltc data ac.c.umulatcj  our co IIfidc IIcc ill tllc  rcliabilit.  y of C,c])llcid variab]cs  as

})rillla.ry distance indicators c.ol)tillucs to gro~v. hlould  et al. (1995) discuss t}lc lilnits  that

c.a II ])c ])laccd  OII tl]c  ]Iubhlc  c.onsta~)t  at ]Jrcsclit.
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2. o b s e r v a t i o n s  and  l)ata }kduction

2.1. Observations

‘J’hc observing strategy is discussed in detail in previous papers of this series (e.g.

l~crrarcsc  ct al. 1996) and wc refer to these for more compldc  dcsc.riptio]ls.  IIcrc wc discuss

only  those issues which relate directly to tl]is ]Jarticular  series collccrliil)g  NGC 3351.

‘J’IIc 11S’1’ observations bcgall  on NovcIIIber  29 1994 usi]lg the Wide }1’icld and }’lallctary

Camera ‘2 (Wl~l’C2). A total of 24 V i~nag;cs at 12 cpoclIs,  spaced over a 54 day interval,

was accumulated using  the 1~’555W  filter. Withi])  this salnc intcrva] 8 additional images

covering 4 cpoclIs  were  obtaillcd  with tlIc  1~%14W filter to measure 1 ]nagllitudm.  All

observations were carried out at tllc smnc LCICSC.O]JC  poi]]iing  al]d roll aIIglc. ‘J’}Ic  I)ositio]lal

rc])ctition  over the 54 day i]ltcrval  was Letter tl]an 0.07 arcscc which significantly simp]ificd

the idc])tification of stars 011 difl’crcmt  frames,

‘I)hc region wc have observed in N GC 3351 is slIow Il iI1 l“igurc  1 which  is taken from

a 2048 x2048 image (V filter) obtail]ccl  at the l,as Campanas  Obscrvatory  2.5m du l)ont

tclcscopc.  ‘J’hc I’C chip covers t}Ic s~nallmt  field. Wc refer to tl]is  as chip 1. ‘J”hc three WFC

chips cover  the 3 larger fields. Wc will refer to tlIcsc  as cl]ips 2, 3 and 4 as in tllc 3 ficlcls

cIlcmIItcrccl  anti-c. ]ockwisc as onc rotates from the I)C field.

‘J’lIc sulnmary  of observations al]d cx}msum  Lilllcs is p;ivcll  ill ‘J’able 1. ‘1’l]c sal]]pli]l:;

st, ratc:;y ]Ias km discussed by ]~rcxxl]nal]  ct a]. (] 994a).  ‘] ’]Ic Sl)acillg betwcc~] observations

was CIIOSCII  to lnaxilnizc  lJIc ~)rol~al~ility  o f  dctlcctillg  Cq)llcids  wit]) ]mriod  l.)ctwccII 3 .aI]d

(;0 days allowing  at ihc SaIIIC  ti]nc for a]] o])ti]nuln  swnpli])g  of tlIc  li:;llt curve a])d rcduci]l:;

LIIC likclil]ood  of a]iasinp;. W C were fortu]latc  tlIat tlIc  actua] olmcrvatiwls  followed very

closely  0111 rcqucskxl  saln])li]]g  scqucIIc.c. l“igurc  2 i l l u s t r a t e  tlIc  ])ro}kal)ility  tlIat a varial.)]c

wit]]  ])miod  1’  is  dctcckd  give]) t,l Ic tcIII])  oral sa]l)])li]lg 011 tlIc  assu]ll])tio]l  tlIat all i]litial
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l)lIascs aIC cqually  likely  (cf.  Salla  et, al. 1{194).  III tlIc  C,alculaticjl], tllc  illc.c)ll”l])lctcIl  c:ss due’

to lnagllitudc  selection effects is IIOt takcII  into acc.ou]lt. ‘1’llis  fidctor  bcc.omcs  scvcm for

fidil)t  stars lxzauscof  tllc larg,clllcasllrillgclIC}ls  ill tJlclllagI]itudcs.  Note ill l~igurc2, tl]alJ

wit]] OUI saln])]ing,  tlIcrc rm]lail]s  soInc  data Clulllpillg  wi~ll ~olls~q~lcll~  loss o f  information

tIJIWUgII  rcdundallcim near periods of 10 days. AIso,  l~~~aus~  of ~lIC S1OIK of t}IC J’JJ  IClatiOII

and tlIc  illcom])lctmcss  at fail]tcr IIlagllitudcs,  fcw Cc])llcid  variab]c stars arc l i k e l y  to bc

disc.ovcrml at periods less tl)an  1(1

to snort  illtcg;crs.

days.

l{outli])c  calibration via t}lc standard  })i]mlillc  nlailltaillcd  by tllc  Space ‘1’clcscopc

Sc.icncc IIlstlitutc  (S’I’SCI) has bcxm carried out as dcscribcd  ill ])rcvious  ])apcrs  of this series.

All CX])CHUICS were taken at tJIc low CC]] olmratil]g  tcllllmaturc  of - 88°C so tlIat tJIc lIot

],ixcl prol)lc]]l  was millilnized al]d tl]c ‘( C,]  I~IgC:  t,lallsfcr  cfl’cc.t” ])llot,olnctry  gradimlt  rcduccd

to al) insigylificantl  alnoullt  (Iloltjzman  ct al. ] ~f)~; ]]i]]  ~t, a]. ] (I~G). As fidr as  possible,  bad

pixds am idmlt,ificcl  and flaggd. ‘1’lIc followi]]g;  staIIdard  tcaln ~)roccdurc  for ])roccssillg  tllc

fidds IIas km for]nulatd  b y  StctsoIl  a]ld SalIa.

(1 )  Al l  i]nagm arc rctail,cd in tl]cir 8 0 0 x 8 0 0  for]nat  rather tl,an bci,,g tri],,mcd.

Jligllc~~cd ,cgiolls  and  ].~ad pixc]s  alc I]larkcd  as fol lows, Using  two ])i]mlillc flats, onc for

cac.11 I“555W a~id 1{’814W filter, ])ixc]s that,  differ fro]]) tlIc ]ncdian for tlIc  c.l)ip by lCSS tllal]

a  Pdctor root 2 am rese t  to O; ])ixcls tll]at,  diflcr  fro]]] tlIc IIlcdiall I)y lnorc tllall  root 2 ]Iavc

IXWII  reset to G4. ‘J’hc V a]ld 1 ]nasks  arc summed  so  tl]at all ])ixcls wllicll arc lx-id ill citllcr

tlIc V or tllc 1 flat  arc IIlaskcd  off ill all of tllc data.
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(3)  ‘1’hc scicncc cxposLIrcx  arc ]nulti]]liml  by a ])ixcl lna])s wllicll correct  for  geolnctricid

clistortio]]  within  the reimaging optics  of WI’’I’C20 ‘J’llis  IIas to bc clone bccausc i]]dividual

])ixcls do not map onto exactly equal areas in ihc sky thus lcadillg  to a distortion) in the

flat  fields sky exposures. Wl]i]c  fralncs  which have bccII corrcctcd  by pipeline flats comzt]y

rcprcscllt  the surfidcc  brightness of’ astroI)olnical  objects, integrated  iluxcs  arc dist,ortcd.

Multiplying; tllc norlnalizcxl  sciculcc  ima~;cs  by a map of the projcctcd  pixc] areas rcstorm a

comcl flux sc.alc to cacl] ])ixcl.

‘J1]IC fimt 5(I rows and C,OIUII-lIIS  of cacl] CC]) fic]d wmc  blocked oui duc to vigjlctting.

3. l’hotomctric  }lecluc.tion

l’llotolnctric  analysis of tile data has bcm carriccl  out, indcpellclcllt]y  by J.  Graham

at ihc 1 k.]mrtmcnt  of ~’cnmtrial hflagmctism using l) AOl)ll O’l’ and Al, I,l~l/Ah!Jl’;  (Stctsol]

]  994) ~1,~ ~)), ]~,. ]~]lc]l>s at, ~,]lc ~;al.I1cg;ic  {)~sclI~atCJrics  Ilsillg ])0]’]]0’J’  (SC,lICCl)tCI, Matco,

& %ha ] 993).  As pointed oui in earlier ]Ja}ms  (e.g.  h’crrarcsc  CL al. 1 996), tJIc ph i lo sophy

bclli~ld  the two progmn packag;cs is quite different, ‘1’lIus there is a uscf’u] cllcck  011 tl)c

results for systematic errors wl]ich lnight  otherwise go ulllloticcd if oIIly OIIC of the ])rograms

is USCX1. 1“01 cxalnplc,  rallcloln  noise cvmts cause difl’crmlt  rcs})oIIscs  ill tllc two  ])rogralns

IIlaking  thcm easi ly identif iable and clearly ~iistillp;~lisllfi~~l~  fl’~ll-l  l’~al  va~’ia~iol~s  ill st~llal’

l)rigllt]lcss.  ‘J’hc lncthods  for dctcrminil]g  sky background arc also different.

Stal)dard  tcaln procedures were used for tllc A 1,1 ,1’liAh4  I; ~l~cas~llc!lllcllts  (SCC for

cxaIn]~lc SillmrlnaIlll  ct al. (1996)). As dmc.rild ill mom dctaii i]] IIill et al. (1996), t}ICIC

are a fmv s]]lall corrcdiolls  II CmSSar<y  to bri]]g tlIc  plioknndry  to tllc’ stalldad systczll

usd by otl IcIs with tllc lIS’J1. \4~c ag;ain  ]Iave ca lcu la ted  tllc IIcc.cssary a])crtu Ic corrcctiol]s

to I)rilig c.oIIl])utd  A1,l,l’l{Ah41C ]Ilagllitlldcs  to a])criurc  ])llotolllctry  with aII a])crturc
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dialnct!cr  of 0.5 alcscc. as lCCO1l-llll  CIld Cd l)y IIoltzlna.11  Ct al. (1 995).  sillcc all our olmuwaticms

arc mfcrrcd  to tjl Ie first frame of tJIc series, wc llavc  calculated tl]csc  corrcctlions  only for

that first frame. About ‘20-30 isolated, I)rig;llt  but uIIsatuIatcd  stars were sclcctcclfrom  cacll

field and a]mturc pllomctry  carried out ovcrscvcra]  a]m’turcs  u]) to a?jd just cxcccdillg

tlIconc  collcs]~ollclil]g;  to 0.5 arcscx  clialnctcr. ‘1’IIc l) AOl’}lo’1” mutillcs  l) AOGIK)W wcm

tllcn  USC(1 to ddcrmillea]l  imagcgrowtli  c.urwfor  cacll clli]~  (Stdson  1 9 9 0 ) .  ‘1’lIcsc growtli

mrvcs were thml inverted to give a ])rcdictcd  ().5 arcscc l~lagllitudc  for cacll of tlIc  s~ars

USCCI.  ‘J’llis  was then coIIIpaIml  dircc.t]y  witl] LIIC IncasuIxxl  AI,l,lJlt Ah410 lnagllituclc  a n d  a

c.onw.tion  COI nputlcx]. ‘J’IIc avcrap;c A 1,1 ,1’I{A hl 1; a]mriurc concctiml  was tlICII used for all

otlIcr stars. ‘1’}lc almturc corrcctiol]s am slIowIl  ill ‘J’aljlc 2.

‘J’]Ic ])O]’]] ()’]’ p] IOtOIIICtIy was ])c]for]]]cd  Usi]ig  a varial]t, of t,}]c l)ol’ll  Orl’ ]Jackag;c

(SclIcclItm  ct al. 1993, Salla  d al. 1 WI) whit]] was dcvclopcd by A. Sal]a to deal with tllc

pllotomdry  of undcma~n])ld  images suclI  as tl]osc  ol)taincx] wit]] tlIc  11 S’1’. ‘J’lIc pri]]cipa]

]nodification  cons i s t s  o f  an additio]]a]  tcrIn, [j8, ill tlIc  S])ec.ificatioll  of tlI12 l)oi]lt s]mcad

fu]]ctio]l  wliicll modificx  tl]c  wi]lgs of tl~c l)S1” to c.o]n]m]satc  for tlIc  ulIdcmIIII])lccl  i]nagc.

Aclditio]lal  disc. ussio]l of IJIC a}q)lication  of lk)l)llo’l”  to ])lIotoIIIctIy  of 11S’1’ ilnagcs  can  lx

found  in IPerrarcsc  d al. (1996), IIill ct al. (1996) and SalIa ct al. (1996).

A color comxtion  was also a])] )licd. WC used tJIc following relations su~;gcstccl by

]]o]tmllall  et, a ] .  (]f)!)~)  to o]~~aill  V aIJd ~ l)la~;l)itudcs  on i])c! JOIIIISCHI aIId (;ousills  systmns

rcs]mtivc]y.

v  = I“L5JM7  ( ) . 0 5 2 (  v  1) -/ 0.027(  v ))2
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1 = 11’814W - 0.063( V- 1) -1 0.025( V 1)2

‘J’o good approximation, a V- 1 of 1.0 used, in these ful]ctions  gives the same color  corrccticm

OVCY a. rallgc V-1 froln  0.8 to 1.3 whic,l) will i])cludc  Inost  Ccy]lcids.  Again  tlIc  C,O 1 O I

c.orrcxiion  is slnallj 110 more  than a. fcw lIuIIdrcdt,lIs  of a magy]itudc. ‘J’lIcIc IIas lvmI  SOIIIC

col Itrovcrsy over whctkcr or not a corrcctfioll of about 0.05 lna.g bctwwm  loIIg and slIort

cx]msurc  frames is a})propriak  (11 ill ct al. 1996), All of LIIC ~cphcid program frames

al’C! ]OJl~ CXl)OSU1’C,  hli fIYilllCS  W]lidl  haVC bCCIl U S C d  fO1 Ca]ibl’atiOI]  PUYPOSCS ]laVC ShOrtC1’

C!x])osurc!s. W o r k  by StctsoII  suggcsk  that SUCII  all cf~cct SIIOUIC1 Lc takcm int,o account a n d

wc l)avc il]cluded  it i~] our calil~ratio~l  (Ilill et  al .  1996).

‘J’IIc several sequential stcl)s  i]) tllc calibration  })roccdurc  leave O])CII tlic possibility

of cumu]  a.ti vc error. ‘1’]lus, we thil]k it wise to lnakc  availab]c fo r  CMCII c.llip a  s e t  o f

ll)caslll’clllcl]ts  of bright  ullsaturatccl  stars wllic]l  CaII k rmncasurccl  easi ly at a later date.

‘J’IIc stars used  in tlIc  growt]]  c.urvcs arc very suital>]c for this ])uIposc  and we include  in

‘1’al~lc 3 positions and A 1,l,l~lLAh4  l’; lnag;liitudcs  for several of tllcsc for cacll chi]).

‘1’hc independent data reductions using Al,l,l~l/Ah41t  aIIcl  llol’llorJ”  provide a good . .

cxtmlal  test for t,hc accuracy of tllc l)SJI’  fitting  ill t}icsc crowdccl  and coln])licatcd fields. A

dctai]cd  discussion and colnpariso]l  of tl]csc  ])mgralns  will be prcsmltcd  ill a future ]mpcr

(Stctlsoll ct al. il] prcparation)o  IIcrc wc sulnl,)arizc  tlIc  resul ts  of  ouI coIn])arisons  for N(JC

3351. Wc first  colllparcd  tllc pllotolnctry  for t,lIc relatively isolated brigl]t  stars 011 each c]lil)

lislml  ill ‘1’al)lc  3 .  Wc tlicm ])crforlncd  tl]c  saIIIc colll])arisoll  f o r  tlIc  (;cl)llcids  ill ouI final

salll])lc.  III lJotl  I c,ascs tllc ovcral]  agpXXVIICIIt,  i s  rcasollal.)lc. ‘J ‘lIC lncall  diff’crcl)ccs  for cacll

clli])  aloIIg wit]] tl]c illicrllal  standard  errors  for ilIcsc  It Ical Is arc listed iIl ‘1’ah]c 4 .  SOIJIC

l a r g e  ilidividua]  diflkrcl)ccs  rcll)aill  and  we IIavc cxcludcd  ill t,l Ic co]n])utatlio]]  difl’clc]lc.cs

grcatcI  t,lIaII twice tlIc  sta]]dard  dcviatio])  ])(I  star. WC arc co]]tilluil)p;  to cx])lorc  tl]c  ]Iat,urc
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of t]Ic isolated discrepancies and we shall  ]mscIIt a more comp]etc  discussion i]) Stetson CL

al .  (ill  ~mparation).

Si]]cc 110 serious discrqmlcics  arc found,  for si]n])]icity  and coI1sistcIlcy wit]) ot]icr

pa]ms  of this series, we arc prcscntil)g  LIIC rc,sults  of oIIly oIm of tJIc two sets of ])l]otonmtric

data, tl)at from Al,l,l{’liAMl~,  ‘J’IIc AI,  I, I’’}{AMII photo]  nctry for each star is liskd  in ‘J’able

[) alo~]g,  wit]] the mean Julian IJatc of tl~c. obscn’ation  and a~l cxtimakd  10 error lmsc.d 011

tllc ])sf fitting. Wc bc]icvc  tllcsc antici])atcd  errors arc cc)llscrvativc  and mostly arise from

fitting  a psf to undcrsamplcd  i]nagcs  for which ~I~ost  of the counts are confiI~cd  to a silglc

]Jixcl.  As will bc smn from t})c light curvm, C])OCII  to c])och variations indicate that,  for

brig]lt  stars, the reported errors may bc ovcrcsti]natccl  by a factor of about  two. Since two

coslnic  ray-split cxposums  arc obtained at cacl) cqJoclI  aIld tlIc  photo~nctric  rcduc.tion  is

dol]c inclcpcl]dent]y  011 cdl of thcm, wc have averaged tllc  two magnitudes ~ncasurcd  at

each epoch un]css  the reported lnagylitudc  mror was g;rcatcr  than three times the standard

dcviatioll.  ]JI such a case, on]y  t]lc Inorc ])rccisc  va]uc  of the! pair was used.

4. Variable  Star Search

4 .10 (a) llAO1’J102’/Al,l,  ]’’ltAMP;  Data Set

‘J’w() ,I)ct,])oc]s ])avc hXHI uscc1 by JAG k scarcll  tlIc  l) AOI’1lO’I’/Al,l,l’’l{  Ah4l;  d a t a

sd. ‘J’lIcy coInplcIncn{  cacll oilIcr Ly cln]}llasizillg  ill turn tlIc  tasks  of dctcctillg  v a r i a b i l i t y

aIId scarcl]illg  for ]mioclicity.  ‘1’l)c fimt  is a version of tllc WCICJI  - StctsoIl  cormlatcd residuals

}JrOCCdUrC wllicll IIas LCCII a.da])tcd  for tl)c  ]) Iojcct l)y N. Sill. mrIl~aIIII. ‘1’lIc II1etlIod  i s

dcscrilm]  l)y WclclI &j SLctsol)  (1 993).  11 dc]mIds  011  tlIc silll])lc co IIccpi that, w h i l e

l)llotol]lctric  lneasllri])g  errors lIavc a raIIdOIII distril)utiol]  w’itll  tilllc, r e s i d u a l s  dllc  t)c]

illlril  Isic varial)ilitly  arc likely  l,o h sl, IoIIp;ljT  coIIclatcd. ‘1 ‘II( lIIetlIod  works Cs])mially  well
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witli  tllc 11 S’1’ data sets in which  obscIwatioIls  arc ]jaircd  for raIlclon) cvcIIt  (cosl])ic  ray)

rcIIJoval. A variability index is colnputcd  for CMJI of tl]c  stars II)cmurccl  by Al,l,l’’liAh4  1’;,

A  filtm is iIlcorporatcxl  iIlto tllc progra]n  to ICII1OVC  tlIc  laIgc diflcmllccs  wl]ic.]] ]nay  bc

illiroduccd  by isolated cmoIIcous  lna,gylitudcs, ‘J’llis  also serves to mnovc cpoclIs  for wllicll

AI, I,l{’1{.  AMY;  finds itself ullab]c to lncasurc a smlsiblc  lnap;llitudc  aIId out])uis  instead a?l

ullmdistically  large one. A lower liInit 011 ~hc iI]dcx IJCCCIS  to 1.w s~wcificcl  iIl order to lil]lit

tlIc  sus])cc.t  list to those stars which  llavc soInc c}lallcc  of bcillg;  variab]c.  ‘1’hc resulting list

is tlICII sorted ill dcmcasing  value of tl)c  iI)dcx, ‘J’lIc true variable stars ca~] usually k foul]d

at the top of this list. occasionally, a bad pixc] mcasumncmt  will produce a sil)gle epoc.1]

lnagnitude  wllic.h will distort  LIIC illdcx  al]d give all erroneous  detect ion.  Such cases arc

casil  y s])ottcd by inspection.

Another powerful  mctllocl  of Cq)heid dctcctio]l  is to attempt to fit a period for tJIc

scqucIIcc  of ]ncasurcd  Inag]]itudcs.  1~’or this wc l]avc u s e d  a vcrsio]l  of tJIc l,aflc]-I<i]l]I-\a]]

(1965) tech,~ique  as formulated byStclli,,gwerf(1978).  Our vcrsio],  was adapted for tl,c

])rojcct by S, lluglIcs. (III bci]lg  give]]  a  period raII.g;c  to scarclI, tJIc ‘(pi IaSC dislwrsio])

mi]iimu]n’)  ]wogra]n  takes  tllc da ta  se t , ant] wit]) a trial period computes ])llascs.  ‘J’IIc

]nag]]itudc  list is reordered in order of pl)asc  a]l.d a difl’ermlce  SUII1 of tl]c  adjac,el]t  briglltllcss

IIlcasumncults  is calculated. l“or a raI]doIn  series of lnag;l)itludcs, this diffcrmlcc  rmnaills

la rge ,  mgardlcss  of Cl)allgcs  ill tlIc  ill])ut  ]miod. WIICII  tl)crc is a rca] ])crioclic va.riatioll

and tJIc correct ])criod  is approached throug]]  tlIc  successive trials, tl]c  SUIII bccoIncs s] Ilall.

‘J’lIe ])rogram  comput,cs  the difli:rcllcc  SUIII for a succmsioII  of trial ]miods  WIIOSC spacil]g

dcpcllds  011 tllc time hasc of tl]c  data set aIId output,s  tlIc  ])criods  for wl]ic]] it is at a

lniIlilmlJn,  aloIIg wil J] grapllica] dis])lays  of tlIc difrcrc]]cc  SUIII vs ]m’iod,  lnap;llitudc  v s

c]mcl) and  magnitludc  v s  pl)asc  for tllosc  ]miods. ‘J’llc  IIIcilIod  is ]Jarticularly  efli:ctivc  at

filidil)~ ])miods  IJctwccm ().2{) aIId 1 . 0  tilllcs  tlic  tilllc l)asc of  tlIc  obscrv~tiol]s.  11’01 slIoItcI

])criods,  it, tcIIds  to p;ct coIIfuscd  by t,lIc ])lIc)lc)IIIc>t,Iic  rcsidua]s  aIId wil l  coIII])ut,(:  s])urious
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l)criods.  ltxpcricnm  shows t]lat the phase CIiSl)CrSiOII  minilnum  method  is more sensitive to

large residuals in the phot,omctry  (e.g. from random cvcnt,s on ~hc chip)  than the correlated

residuals mclhod.

4 . 2 .  ( b )  1)01’IIOT l)ata Set

‘J’IIc scarclI  for variab]c stars wit]] the 1)01’)1 ()’J’ data set was performed using each

of t,lIc 24 1“555W(IZ) iIna.gcs  in a lnallIlc,r solncwllai  diffment  froIn  ~hc tcchniquc  outliI)ccl

by l~crrarcsc  ct al. (1 996). A frame was created by c.o-addillg;  16 of the individual fra]ncs

aIIcl  app]yil]g  the ‘~pcli])” cosInic  ray rcjcctioll algorithln  withi])  11{.AII’. A lnastcr  list of

ohjcc.ts  was thc]l  ohtaincd  by }Jcrformillg  a IIol)ll  0’1’ run 011 tllc mastm fralnc.  ‘1’IIc lnastcr

list with c.oordil)atcs  trallsfonncd  to cacll of tllc a])~)ropriatc  individual  fra]nc  coordiIlatc

systems was thcm used as the inpui  list for ] )ol)}lorl”  phot,omctry  runs on each frame.  ‘J’hc

CIId rcsu]t  was a set of 24 pl)otolnctry  files for tllc 12 C]) OCIIS, with each epocli  Ilavillg  two

coslnic  ray split frames. ~alibra~io)~  of tJIc 1)01)  110’1’ output  magnitudes is discussed in }Iill

ct al. (1996).

‘1’IIc dctcctio~)  of  variable stars is acc.oln])lisllcd  by aI1 auto]natcd  routillc  wllicl]  is

cssclltially idcmtical  to that  dcsc.ribcc]  i]] Salla  and IIocsscl  (1 990a).  A star is flagged as
,.

a candidate variable based 011 a ~ 2  test o f  tll IC clcviatioll,  wcig}ltcd by tlIc  photoInctric

ullcc:rtainty,  of a star’s lnagnitudc  over a S])cxificcl  IIumbcr of cpocl]s. After tllc star is {Iaggcd

as a candidate varial)lc,  a ])criodicity tcsil is ])crforlncd  usil)g again  tllc IJaflcr-l<illlnal]  (1 965)

a~gorit]lln.  []si]lg  a ral]gc  of  tmt ]miods, IIlil]ilna  ill i]Ic s])cctrLIIII  of  tlIc  diflcrcu)cc suIn

s(lat)istic.  alc I]scd 10 dctcrmillc ])ossil)lc tlruc ])criods. A  ]miod rcfillclncl)t, usil)g  soft,wam

dcvclo])cd  b-y A. Sal~a, is tllcll It Iadc I.)y illt,crac,tivc]y  illvcstigatillg  otl IcI ICSS  ]ikc]y pe r iods

that  rcsu]tl  froln  cliflcrmt distallcc  Sun] lniliillla.  III tl]is  w a y ,  ol]c call cxcludc  ])cricxls  wl)icl)

lIIay rmu]t fro]]] s})urious lmil)ts  sucl I as IIligllt occur as a result of coslllic  ray events or from



aliases.

4 . 3 .  ( c )  Sc?arclllksults

O~lrcIldcavori  stoobtai~]  as ampleof  &qjllcid  variable  stars with lJro~~crticssil~lilar

to ~hosc known in the Galaxy and the Magcllanic  ~louds. ‘J’hus ihc ])riInc  critmion fo r

acc.cpting  a star as such ill NG(l 3351 is tllc a])pcaraI1cc  of tlIc light  curve rclatillg  lllagIlitudc

to phase-wrapped C}> OCII. Quantitative paran Ictcrs , SUCII as tlIosc  based on correlated

residuals or ])hasc  dispersion minima arc invaluable for discovery but, quantitativc]y  arc

susccptib]c  to random events and photomciric  errors. ‘1’hcy arc IIot hcl]iu]  ill distillguisllillg

loIIg period vmiab]cs,  ccli])sing  stars and novae,  for example,  from ~cp]lcids.  Mom

sc)phistica,tcd  rout ines for doing  just this arc currcllt]y  bci]lg  tested at tllc llolllil]ioll

Astrop]l  ysical  observatory by 1’. Stetson. ‘l’y})ic.al  @hcid  light  CUIWCS are well-kl)owll froln

the 1,h4 ~ samp]c  (e.g. Wayman , St,ifft, & IIutlcr 1 984). ‘J’llcy  are somctilncs  s inuso ida l

but, Incwc o f t en  show a  r i se  in brighhlcss  IIIOrC rapid  than ~hc dcc.lil)c.  III soInc  SCIISCS,

c]iscrimi Ilation by light curve-shape paramctcm  alone is a more c]uantitativc  proccdurc  but

dccisio]ls  about  the critical values used for the paralnctcrs  arc thcmsc]vcs  based 011 pcrsoIIal

cxpcricl]cc. ‘1’lIUS the clccisioll  process is only 11-IOVCC1  back OIIC stc]). II]clusioll  of ~cphcicl  .

variab]cs pulsating in the first overtone (Ilohm-lritcllsc  1990) is Inini]nizcd  by avoicling  stars

wit]l ]mic)cls less thal) 10 days. Wl]ilc  l’opulation  11 W  \~irgillis  stars ]nigllt  bc cxpcctccl

ill a s]jiral  galaxy with a type as early as that  of NGC 3351,’ rcfcrcncc  to ])ub]ishcd  1)1,

relat ions (Ncmcc.  &’ ],utz 1993) shows that- CVCII  tlIc  lo~lgcst  ]miocl  cxaIn})lcs  of tJIcsc stars

would bc Inucl  I fainter Ijhall  ouI clctcctiwl  1 illlit.

A f t e r  cllgaging  i]) sc])aratc  scarcl]cs, w c  coIIIlmIcd  candidate  lists aIId cxa]lli]lcd  ill

ddail  tlIosc  stars flag~;cd ill oIIly OIIe scald]. WC found  tl)is doul)lc  scaIdI profi table.  Most,

Valial.)]cs  (d(j) ill<]ccd  WCI’C found  ill[lf:])cliclc:lltly  ill I)otll  data S e t s . III 3 cases  wit]) oIIly a
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siIIglc clisc.ovcq,  tlIc  explanation lay iII LIIC difl’crm]t  treatment of random cvcIIts  by the two

diflkrcnt  ]Jroccdurcs. A  more  tlIoroup;lI  aIlalysis  of tlIc cflt~ct of sam])]cs  foul)d  scparatc]y

Ly Al,l,14’ltAMlt  ancl l)ol’110’1’ is given by l~crrarcse  ct al. (1 996). ‘1’here it is SIIOWII that

the rcsu]tillg  distmlcc  Inodu]i  arc not sensitive to slnal]  cl)a~lgcs in the sclcctioI]  criteria for

variah]cs or the source of the saInplc.  our ailn is to produce a sillglc  list of IIigl]-weight

(;c])llcid  variables, free of bias, usi~lg  tlIc  two pllc)to)nctric  data SCLS,

OuI fiIIal  list of variables is g;ivm il~ ‘J’able 6. Coordinates hascd in W1’’1)C2

II Ieasurc II- Icnts and tlIc  stated ])osition  of t}Ic tdcscopc arc givcll. F?otcs arc givcm at tl]c foot

of ‘1’al)lc  6 followil)g  a visual ills])cctioli  of tlIc stars 011 tlic c.olnl~illcd  fra II1cs. l“illding  cJlarts

arc provided in I’igurm  3, 4, al]d 5 . W C do IIot expect our list tc) bc comp]ctc at periods

arou  IId 10 days or ICSS. A  histograln  of tlIc  ~miod  distribution  (~lorlnalizcd  to all illtcgratcd

total of 50) is SIIOWI1 as l“igurc  (i and is COIII]MWCd  wit]] tlIc  Magcllallic ~]oud ca l ib ra t ing

saIIIplc  (Madom  1985)  (dashed  lil]cs) and  tlIc  Cc])llcid  variab]cs kllowl) ill l~iclds 11, 11, and

I\/ of  M31 (l~aaclc L? Swol)c  1963,1965  )(dol,tccl lillcs). ‘lllIC agrccIncIIt  is uI~cxpmteclly  good

cvc II at snort periods but  tlIcrc Inay  bc a dcfic.imlcy  at loIIgcr periods. our data set, with a

time base of 54 days only allows inclusicnl of periodic variab]cs wit]] periods sllortcr tllall

this illtfcrval. It is possib]c  that a fcw additions lllay  be IIladc  following analysis  of IICW data

fo l lowing  L}IC 11S”1’  revisit to N(; C 3351 lnaclc ill l)ccmnbcr  1995 but  it is clear that tllc

crowding and  high Lackgroulld  11-Iust limit our ability to detect variab]c  stars over tlIc  WIIOIC

l)criod  raIIgc  in tlIcsc  fields.

5. l,igh~ Curves and Mean hflagnitudcs

‘1’IIc light curves, pllascd  to tJIc ]miods ill ‘1’able 6, arc rc])roduccd  ill h’i~,urc  7. ‘1’lIcy

arc ~1’1’~llgd in order of dccrcasill~,  ]wriod  aIId arc ]il](:d  u]) so t]li-it ])]lasc = 1.0 Col’rcs])ollds

10 IIlaxilliulll  l)rigllt]lcss. ‘J’l Icy arc folded over two cycles to assist ill tllc study of tllcir
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InorplIology.  ‘1’he adop ted  pe r iod  is SIIOWII i]) cacli pw)cl. A c.haractcristic  error reported

by Al,l,l~’l{AMlt  for tl]c  Inagl)itudm  i]] cacl) set is SIIOWII ill tllc lower left c.orIIcr of cacll

pane], As lncntioncd  earlier, these error bars lnay bc overly consmvative  for tllc Lrig;l]tm

stars. A pcrusa]  of t]]e pa,]]cls jn l’igurc  7 c,o]jfirms  t)]at tllcy  arc typical of c.urvcs cx])cctcd

froln  l)orlna]  ~cJ~hcid variab]c  stars with t])c rise to )naxi~num  being; faster thal~ L}IC dcc]ille

to lnil)i~num.  Star c09 has an unusually low alr)])lit,udc  and a fla,t-bo~toll]cd  lig;llt  curve.

‘J’llis  immcdiatc]y  suggests  tlIc  prcscIIcc  of a colnl)allioll  star and illslmctiml  of tl)c  fralncs

indeed SIIOWS  a bright  blue star wl)icll  must Lc conta~nillat,i~lg tl)c  photometry. WC will thus

CXCIUCIC  c09 from the 1 )1, fits.

h4ca1] V’ and 1 magnitudes arc routj~lc]y  co]nputcc]  ill two djflcrcllt ways; as illtc]lsity

avcrag;cd ]nag]litudm  < V >i> < 1 >i  aIICl  M IJlasc  wcigl)tcd  IIlagllitlldcs  < V >$,},  ) < ~ >P},

(see Sal,a & IIocsscl  19901>), Y’or variab]c  stars wit,]] unifor*nly  s.mnplcd lip;l)t  cu rves ,  these

c.oillcide bu~ wllcllcvcr  Ll)c phase coverage of tlIc  ligl It curve is IIot uI)iforml  IIjgllcr wcightil)g

of tlIc  ICSS COIm IIOII pliasc  poi]]ts  provides a Inorc ac.curak cstli]nai,e of Ll)c ]I]can ]nagl)jtudc

tfl]a]l  a si]nl)]c i]itc)lsity  average. 1 loth  arc listed in ‘J ‘ab]c 7 for cacl) Ccp]]cid  variable star

alo)lg with the period and log pcriocl. SiT)cc  o~)ly  4 cpoc]]s  IIavc bccII obse rved  ill tllc

1 band, the poor phase covcragc makes bot,h the intensity  averaged lnagllitudc  MICI tllc

])llasc wciglltcd  magn i tude  rcprcsclltatiol)s  of tllc ]nca]] 1 nlagllitudc  which  arc solnctimcx

illaccuratc. A d v a n t a g e  CaII bc ta.kc]l of our hcttcr  saln])]illg  of tlIe  fOrIII of tl~c V lig]lt

variatio]l. l“rccdlnan  (1 988) IIas found  that tllcrc is a good corrcs])oIldcIIcc  bct,wcm)  tlIc  1~

and 1 light  cu rves  ill that,, a{, least as a first al)])lcJxilllatjoll,  OIIC call be Ina])])cd oIIto tllc

otlIer by simp]c  scaljng. ‘J’lIc ratio  of 1~ to 1 aln])litudc  is found  to I)c 1:0.51. ‘l)lIUS wc call

d e r i v e  all add i t iona l  corrcc.tion  to tl]c  Incall  1 lnagllitude  by first,  c.alculatill~;  tllc difl’crcl]cc

l)ctwcclJ tllc  II ICaII V ]I]ag;llit,udc  fro]l]  the colll])lctc  V data set and  tlIclI  a II ICaII using oIIly

tlIosc  1/ data ])oi]]ts  i]) co] J]] IIo]I wit]) tlIc  / ol)s(:]k~;]tio]ls”  a])d t]lc]) l)y scali]]g t h i s  difkvc]lu,

witlt  tl]c 1:0.51 ratio. ‘1’llc rcsu]t is tlIclI a d d e d  a s  a co]lcctioll  to tl)(:  ])lIase  wf:ip,lltc(l  1
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ma.glIitudc,  ‘J’lIis  1 lnagnitudc,  < 1 >Aj, wllicli we c.ol~sidcr  as the  lmst  csti]natc  w i t h  our

lilllitcd data, is also listccl ill ‘J’able 7, IIy  cxnnpari]lg  tlic  columns i] I ‘1’able 7, it can k

SCC]I  t}]at tl)c  diflcrcnccs Lctwccl]  the colum]]s,  arc g;cIIcrally  s]nal].  ‘J’}Ic a v e r a g e  nu]ncrica]

diflcrc]]cc  is 0.06 lnag wlli]c tl)c  lncan diffcrm)cc  < 1 >AI  - < 1 >$,/, is + 0.014 0.01 slIowi  IIg

tlIat IIO sigl)ificant  systematic error is illtrocluccd  by tljis  proccdurc.

A~I 1, 1~ ) color  magnitude  diagram for al l  stars is slIowII as 1{’igurc 8. Cq)}lcids  a rc

II Iarkcd  as filled circ]cs,  otl  Icr stars as ]joil]ts, Wit]]  two cxcc]JtioI1s,  tlIc  Ccpllcids lic ill a

lmIId Iwunclcd  by Ir- 1 = 0.5 ancl 1.5 Inag. ‘1’lIc L]uc star c46 is very faint, olIc of tlIc  two

failltcst  ill tlIc Ccpllcid  saIII]Jlc.  ‘J’IIc l i g h t  c u r v e , SIIOWI] ill ]Jigurc  7,  looks IIorlnal.  ‘1’lIc

abnormality is ill the vcwy faint 1 lnag;llitudc  w}licll  may bc inac.curate bcc.ausc  of t}Ic l]igh

backgroulid.  Visual inspection snows that c17 IIas a very Iccl coln])allioll  star wl)icll Inust  bc

affecting tJIc pliotolnctryo ‘J’lICSC  two outlicrs  am also dro])pcd  from the 1’1, relations  dcrivcxl

ill tllc nex t ,  scc.tioll. Wlli]c  tllc Ccpl]cids  dcfillc  all ilistabi]ity  stri}), the })oillts  rcq>rcscnting

t,l~c field stars do not snow tllc saIIlc alnoullt  c)f scgrcp;ation  into dif~crcni  po~)ulations  as ill

otlIc I ])apcrs  of this series. Itl is ])ossihlc  tl]at this is due to all unusually large all]ount  of

di{lkmltial  mddcllillg  by dust in tl)is galaxy or to a relat ively coIIl])lcx  star forlnatio~]  aIld

cllcII)ical IIistory.  l]ut wc a l s o  note tJ]at  SOIIIC of tllcsc  ficlcls  arc IIIUCII Inorc crowdml  tllal]

tlIosc  wc s tud ied  ill N(; C 925 aIId NGC 2090,  for cxaJI]l)lc, a]]d that  tl)c fuzzy al)])carancc

of tllc red  giant  l~rallcl)  lnay just Lc duc to ])l)otolnct,ric  errors.

6. l’eriocl-l,~]]lli]  lositty }{elations and the l)istancc  to  NGC 3351

l“ollowj])g  otlIcr palms  ill tl]is series (1’’rccdlllan  et al. 1994a 19941); liclsoII  ct al. 199(;;

l{’crramsc  ct al. 1 996; Sill)crlnal)li  ct al. 1  996) ,  tl]c a])])arcl)i V aIId 1 distal}cc  IIIoduli t o

IN(;(; 3351 l)ascd 011 {IIC l) AOI’ll  OrJ’/Al,l,]  I’l{Ah41j”  d a t a  set  arc dcrivd  usilig  a stalidard

~l)])licatioll  of tlIc ])ul)lisllcd  V aIId 1 1’1, lclatiol]s  listed by Madorc  aIId lJrrC(lIIIa  II (1991).
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‘J’hcsc  clcpcnld on 1,MC (kpheid  data sc,alcd to a iruc modulus of 18.53 0,10 Inag  corrected

for aII average line of sight II;(IJ  V) mddm)ing  of 0.10  lna.g (It(  1~- 1) =- 0.13 mag). ‘1’hcy  arc:

hl ,, z -2.76 log 1’ - 1.40

h4] =- -3.06  log 1’- 1 . 8 1

‘J’o avoid bias in fitting the s]opc  duc to i])colll})lctc]lc:ss  at SIIOIL periods, wc conti~luc

IJrcwious  })racticc  by fixing  the S1O 1) C to the Madorc  and l“rccdmall  (1 991) mlucs quokd

ahovc. l’l)asc  weighted magnitudes arc used. Wit])  tl]c  first  pass of all the data in ‘1’able 7,

tl]crc were 3 outlying  points w}licll  correspond to stars c07,cI  7,c46.  Stars cl 7 and c46 were

coI n I nmtcd  upon in the previous section. ‘J’lIc star c07 IIas a very high background and a

})oor light curve. ‘J’hus  there is good rcaso~l  to climillaic tllcsc stars ancl c.09, also discussed

in section 5. ‘1’hc l/ and 1 pcriocl luminosi ty  ])lots arc shown ill F’igurcs 9 ancl 10 with

the fits Su])crposcd. ‘1’hc solid ]incs rcprcsmlt  tllc best unwc.ightcd  fit. ‘1’hc das}lcd  lilm,

dIawJ] at + 0.54 mag in l~igum 9 a]]d at 40.36  lnag ill }1’igure 10 rdlcct tllc fillitc  wid th  o f

tl)c  <k:])llcid illstabi]ity  strip  and thus  tllc cxpcc.tcd  20  scatter around  tllc l)cst  fitting  1 ’1 ,

relation. ‘J’llc  functiolla] rclzitiolls  arc:
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<1 > = -3.06  log 1’ -1 2 8 . 4 2

‘J)IICSC lead to V and  1 Inmluli  of 30.38 :{ 0.06 m)d 30.23 i 0.05 Inag  rcspcctivc]y  wit]]

141(  1~- 1) L 0.15:1 0.03 mag for the NGC 3351 &] Jl)cids.  (Jsinp;  the ]Jroccdums  dcscribcd  i~]

tl)c  }Ja~ms  c.itcd above, the ap])amlt ]noduli  arc related thIoug;h the Cardelli ct al. (1 989)

cxti]]ctio~l  law of AB:A1/:A1 = 3.3:1 .0:0,6 al]d used to derive a iruc Jmoclulus of 30.01 4

().()7 ]nag.  ‘J’hc quoted  CrJ>Or is Lascd  strict]y a]ld formal]y  0]1 t]lc  o b s e r v e d  o about  t]ic

mean as recluccxl by t}]c square root of the JIUIIIIXJ  of rc~nai]li])g dcgrc.cs of freedom. We

have ]nadc an CI”JOJ’  budget for our dctcrnlil]ation. ‘J’lljs is showJi  j]) ‘] ’ab]c 8. N o t e  t h a t

onc  of tlic largest ullccrtai]ltics  still m]nainil)g  is tl)c  true ]nodu]us  of the l,argc Magcllanic

~~]oud.  ]rigure  11 clclnonstratcs  the anti cil)atcd corrc]ation  of t])c rcsidua]s  from the lf a~]d

1 1’1, relations for tllc &q>hcids  in NG~ 3351. ‘1’}IC  solid line SIIOWS tltc cxpcctcd  slope

al~d full widt])  of tlIc  anti cipaicd  correlation of data l)oi?lts  if due to intrinsic strip-width

(lmn])cratum)  cfrccts. Most, of Lllc stars lic witl)ili  tl)is b o u n d a r y .  hlost of t,l)c stars lic

withil]  tl]is  boundary. ‘J’hc dotted lil]c shows tl]c  rccldcljillg  trajectory. ‘I’llrcc stars 0]) the

u])]m’ rig;llt  which  apl)car  to IIavc ullusual]y  IIigll  rccldm]ing  arc among  the 4 which  lic b e l o w

I,l]c instabi l i ty  strip in tllc 1’1, })lots. lncor])oratillg  all ullccrtailltics,  wc find a sta~]dard  “’

error of (). ] 9 ]nag  for l,]lc true modulus of 30.01 IIlag for h’~~ 3351. ‘J’]lis  corrcs])o~lds to

a dista]]cc of 10.05 3 0.88 hlpc. A1lalysis of tl]e  l)o1)llO’J1  data set gives a si)llilar  result.

lJsi~lg LIJC sa]nc  proccdurcs, tlIc  1)01’110’J”  plIoto]I)ctJy  g i v e s  al)parc]lt V’ a]]d 1 IIjoduli  o f

30.4’2 aIId 30.20 ]nag  with 1{;( V 1) = 0.16 lnag and a true IIIodulus  of 29.98 for N(JC 3351.

l“ollowi]tg  a suggcstio]]  fro]n  the rcfcrcc, wc IIavc lookd  into tllc ]mssibi]ity  of ]nap;nitludc

l)ias caused  I)y tlIe lack  o f  fai~]tcr stars at a given  ])criod. WC carried  ou t  OUI analysis

l)y St,altilig  wit]l tllc  hriglltcst  (;c]}l~cids ii]Id aIId c a l c u l a t i n g  a])])aKIIt  aIId t,ruc lnodllli  as

WC illcrcascd tlic  sall)])lc IIlovil]g to fdi})t(:r  ll]a~,]]it,udcs$ \~Tc fc)ul]d tl]atl  tl]crc is il]dccd  a
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systclnatlic.  trend for tlIc  ap])arcmt  moduli  h incrcasc  as wc Inovcd  fainter (contrary to what

o)lc would expect for a magnitude cut-off cflkc,t),  l]ut it is slnal]  and alnounts  cu]nulativc]y

to al)l)roxilnatc]y  0.1 lnag. On ihc ot,lIcI  IIand,  the true Inodu]us  calculated for tllcsc szunc

salnp]cs  Varies a lot less systmnatically  allcl  is c.lcarly 110 InoIc tha]l 0.05-().07 Inag. Wc

coIIcludc  that if this effect was taken ilito  account  it would lnakc  tl)c  fi?]al  true lnodulus

slnallcr  by that amount. ‘J’IIc cfrcct  is IIot a ]najor OIIC a~)d is u~lccrtaill  wit]] tAc IIumbcu

of stars invo]vcd  and wc have rcfrail]cd from ~naking  a correction to our fi~lal rc!su]t  on this

accou] It.

7. ‘J’he lmo 1 Group and the Calibration of Seconclary  Inclic.atlors

‘1’lIc sheer diversity of its mc~nlmr  .g;alaxics  ]nakc.s  tile  1 m I group  all im]}orta]lt  Last fol

c.alil~rating  sccol]dary distance il]dicators,  provided t}]at its own distallcc  call bc allchorcc]

by a triccl and provcm mctl]od.  Wc cou ld  ati,clnl)t  this witlI OUI IICW clistancc  of  10.0 M])c

lmsccl  011 t}lis  salnp]c  of 45 Ccpl]cid  variables ill N(; C 3351, l.)ut, wc prcf’cr  to lmst,ImIIc

tllc calibration uliti]  more data from otllcr g;roups  of galaxies observed ill the l<cy l’rojec.t

lmcoIIIc available. Kcllnic.ut,t,  l“rcmlInaII,  & hflould (1 995) and  J acoby  ct al. (1 992)  rcvicwcd

tllc various secondary  distm)cc il]dicators  and ])mvidcd  asscsslnc~lts  of tllcir  JJotcntial  a long

wit])  uscfu] bib]iographicxs.  It is rmnarkablc, as OI]C reads t]lroug]l  their ]ists  ]Iow maJIy  SUC]I

i n d i c a t o r s  arc fcaturcx]  i~l cmc or ot,l)cr galax~~  of the 1 m 1 g,rou]) and  it is ~lscfu]  to s u r v e y

wlIat  is a]rcady  kllow~l  about  tllcln lIcm.

h40st of tlIc  I,CO 1 galaxies arc in a coIIIImct 3°X 1,5° COIC wlliclj illc]udcs  botlI  IN(;C

33f)l aIId a sccoIId Lrig]]t  s]jiral  NGC 3368( J496).  OLIICIS  arc NGC 3 3 7 7 ,  N(JC 3379(  K4105),

N(;(;  3384 and N(; C 3412.  Surro{llldillg, N(JC 337$) is a laIgc intcrgalact,ic  ri~)p, of 11 1

(Scl,lleidcr 1 9 8 5 , 1 9 8 9 )  whit]]  l]~ay l~c illtclactil)p,  lvitll  N(;(l 3368, ‘1’IIc clli])tical  galaxy

N(;(; 3377 ,  Ivitll  its systcIII  of gloljII]ar  CIIIS1(IM lIas a failll  dlvarf  coll)l)al)iol) :,a]axy ] ) ] ) ( )
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88. Sc]]ncidcr  (1 989) discmcmd a SCCOIICI,  cxtrcmcly faint clwarf  galnxy  wl)icl]  i s  a l s o

a]qml’cmt,ly  part of t,}lc! F; I’OU]). l{ligllt  dcgrcws away, at a tIaIIsvcrsc  clistal]cc  of tlic order of

1.5 M])c, is t,l]c l,CO 1 trilJlct NC;(; 3627( N466), IX(; C 3623( h465) and NGC 3628 which am

Inutual]y  iIIvolvccl  iII a tidal cmcouni,  cr (Iiurkhcad  & llutkr  1981 ). A c.olol. )incd census of 50

p;alaxics is jncludcd  ilI group 5(; of IIucllra  L; GCIICT  (1 982). SoIne  of t,lIcxc Ilavc questionable

~nclnlmsllil)  (Schncidcr  1 W). WC poiIIt out, tdIat aIIot,lIcr  grou])  in this  part of t,}Ic s k y ,

kllowll as tl)c  I,CO 11 grou]),  js ~nadc u]) of galaxies wllicl]  arc InuclI n)orc  remote,

( a )  (kq~hcid  Variahlcs j~, NGC 33(i8(h49(i)

(k!p]]c!ic{s  ]]avc bccII studicc]  with ]]S’]’ ill CJIIC  ot]IcI’ p;a]axy  ill t]lc ],c!o ] g;roup, NGC

3368( h496). A sulnlllary  c)f tlIc rcsulis  IIas lMWII  ])ublisllcxl  by ‘1’a~]vir ct a l .  ( 1 9 9 5 ) .  ‘J’lJcy

fouf]d a dist,allcc  of 11.640.8 h4pc corrcsl)ol]dillg  tc) a true 11-IOCIUIUS  of 30.32 II]ag bascc] 0]1

obscrvatio])s  of 7 ~c])llcids. ‘J)l]ey obtail)ccl  olmmwtic)lls  at 13 c])oclis ill 1~ cwm a  pe r iod  o f

7 II”lolltlls.  1$01’3 of these C!])ochs, 1 nlaglli~udcs  were also lncasurccl.  IIltm]sity  recalls ol]ly

w e r e  ~)lottjccl  and usml ill clctcrlnillillg  tlIc  1)1, rclatiolls. It is jnstructivc  to C.cm]])am Lhcir

rcsu]ts  wit]] ours as tl)c  t,wc) galaxies arc C. 1OSC ill the sky, sc])aratccl  by 41 arclnil}  wllicl~

cc)rrcs])ol]cis  to a transverse distance c)f 120 l{lJc at 10 h4])c.  Allcm’illg  fc)r lncasurillg  cmc)rs,

tfllcir 1’1, relation ill 11 scwns to agree. wit]i tllc c)IIC. wc dcrjvccl  witl~  our larger (kpl]cid

sanl~)lc. It, is tl)c:  1)1,  relat ion ill 1 wl~ic}l  is al)l)loxill)atcl}~ 0.2 IllaF; fdillt,cr ancl leads tcj an

al~scn’])tioll  corrcciicn]  less and,  ill tun], tc) a true lt]oclu]us cc)llcs])ollclil)gl~~  .grcatcr thali our

va]ucs.  \4~llilc  t}lis is al’it}]ll]ctficall~~  rcsl)ol]sil)lc  for tl]c larger distal)cc that tl]cy  give,  it

II]ay ]]c)i bc surprisil]g  as tllcjr ficlcl  js s])a IseI aIId furtl)cr  out, in tlIc  clisk {llal)  o u r s  ill NTG(;

3 3 5 1 .  It js cmlccilablc also, as ‘1’anvir ct al, J)c)i]lt  C)ui,  that tl]cm: is a sjgnificallt  cxtcmsion

of i,]Ic F,IOU1)  alcJIIg t,]jc lil]c of sigl]t i]) this direction I)ut,  if so large, i t lnust 1)[’ IIlucll  grc!atc’r
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‘1’]ICIT arc  scwcral g a l a x i e s  ill tl]c  l,CO ] ~;roup,  illclucling;  L}IC two wit]] kllowll Cc])hcicls,

wllicl]  arc suitable for the c.alitxation of tllc 11{2’1” rclatioll. ‘J’lic  llc.ighlmring  IJco trilJlct

NGC 3623, NG~ 3627,  NG~ 3628 was iliclucled  among; t})e groups studiccl  by Aa.rol)soll

& Mould  (1  983) .  Us ing  an carlim calibratio~l  based  011 M31 and hf133,  they obtaillcd  a

dist,allcc  ]nodulus  of 29..$34 ]nag  wjth al) ol>scrvatio~lal unccrtai]]ty  of 0.25 mag wllic}l  is

Imoaclly co~lsistcl]t wit]) our value  for NGC 3351.  WC ])otc that, wllilc  a Ilcw clista~)cc  to tllc

1,CO trip]ct  wc)uld add LIIC.SC. tllmc ]IC!W 111’1’1~ cal ibrators  to tl]c)sc  co~lsidcrcxl  by l~rcmlmall  ct

al. (1 W), this clistallcc  is I]ot l]cmssarily  the salnc as tllc dista~lcc  to tile I,CO 1 group tl]at

wc fi]ld ill this paper.

(c) 1),, -  0 ltc]atio,,

‘J’llis,  a dy])alnical  analog of  the ‘J’ully-ldshcr  rclatio]l, is applied to large elliptical

galaxies or spiral bu]gcs. As Jacoby et al. (1992) poi)i{ out, tl]e  ]ncthocl  has Inost]y  h-x:])

a])p]iccl  to lncasure relative distances since  t}]crc arc ]Io l]carby cxalnp]cs  of large clliptica]

ga]axics  wliic.]1 can bc used for Lllc cal ibrat ion, l’at)cr d al. (1 989) l]avc illcludcxl clat,a  for

two of tl)c  clliptica]  galaxies in the I,CO 1 group, NGC 3377 a]ld N(~~ 3379. ‘J’licir  distallcc

1{ : 857 + 126 kln  S- ‘ and a IIubblc  co]lstal)t  c)f 80 4- 17 kln  s- ] hJpc-] yiclcls a  distallcc

c)f 10.7 ~i 2.7 Mpc  wl)icl)  is c.o~lsistcljt  with our ~ncasurcll)cllt,  for NT(; C 3351.

(d) Surface llri~;l,t,icss  l’luctuations  (S1ll{’)

‘J’liis  qum)titativc  critcrio~l  of the resolution of a galaxy into its illdividua]  stars has

imml C1CVC1O})UI  by ‘J’cnlry  (1 W] ) and l]is collaborators. Five IJco 1 .c;alaxics N(;C 3368, NG(;

3377, NG(; 3379, A~G~ 3384, and NG(; 3412 lIavc IIOW IWCII olmrvcd  (rJ’OIIIy  ct al. 199(i).

A IICW calil.)ratiol~  of tllc S111” lnctliods  yields  a IIIodulus  for lm 1 of 30.14 IIIag 3 O.O(i

lv)licll a~, mcs, witllill  ol>scl~~;]tiollzll”  Illlc:cltaillti(:s,  wit]]  ollr value for AT(;(; 3351.

( c )  l)lallctary  Nc.l)ula  l,u~,,i~]osity IJul,ctiol,  (1’NI,l”)

‘1’IIC I) N1,l° U]) ull{il IIow IIas lx:cll IIlaillly  a])})licd (0 clli])t ical galaxim a]]d p,alaxics



wiili  ljulges.  W;th a calibratjol]  b a s e d  011 {IIC lJlaIIcLaIy  IIcl.)ula lulIJillosity  fullctjo]l  jIi h!131 ,

Cjardullo  d al. (1989) fiIId distances of 9.8, 10.6, 10.1 a]]d 10.4 h4pc for N(JC; 3368, NG(;

3377, NGC 3379 ant] NGC 3384 rcs]mctivcly witlt  a]) ullc.crta;nty  of about  0.7 ;]] cacl] value.

111 a Vcl’y l’c!ccllt  paper, l’cldmcir,  Ciardul]o,  &, Jacoby  (1 W(i) c.oIIfiIIn tlIat the method CaII

bc cxtcIIdcd to later- ty})c ~;alaxics and dctcrlnjl~c  a IICW distal~c.c of 9.(i hf])c +. 0.7 for NGC

33(i8(h496).  ‘1’lIe gcl~cral agrcmncnt  wit]) our distallcc  to N(; C 3351 suggests tl)at 110 large

rcv!siolls  arc likcl y to bc rcqujrcxl  for this caljbratioll.

(f) ltx]~alldil)g;  l’hotosp),crc  Method for ‘1’y}w 11 Supclllovae  (I;l’h!l)

‘J’his  is a rcfincmcmt  of t}~c llaa(lc:-l!Tcssclil]k ~ncthod  as ap~)liccl  to the e x p a n d i n g

Cllvc]opc!s  of ‘J’ypc I 1 Supclllovac. IIcsc.ri])tiolls  o f  the method call be found  in ScllInidt  et

al. (1 994) and rcfcrcllc,cs  thcrcill. OIIC of tllc IJlail]  adval)tagcs c)f tl]c  lnct]]od  is LIIC large

rwigc of distances over wl]icll it can  he a])])licd. SNI 9731{ was ill NG(; 3627. ‘1’hc l’;l’hfl

distlallcc,  15.0 3. 7.0 is not well dctcrll)incd  owing to tllc ul]cmtailltly  of the date of lnaximuln

(Scl,lnid{,  ],rivatc  co,,~]l]~,,,icatic,,)) l,ut jt js b road ly  co,,sistcn,t  wit],  tl,c NGC 3351 va]uc.

WC arc IIopcfu] of Inore ‘1’ypc  11 su]JcrIlovac  j]] order to Letter assess tllc jlnportallce  of this

]JrolIlisjllg distal]c.c  iI]dicator.

(g) l)cak l,mnil,ositim  of ‘J’YJW la Sul,crnovac

‘J1lIC relat ively low dispcrsjol]  of t,l]is  distal)cc cr;i,cr;oll  and its large ]mtm)tial  rallgc

arc very attractive. IIowcvcr,  ]Io ty]m  la su]mlmvac  lJavc lxxm mcogl~imd  ill t}Ic 1 ,co 1

p)rou])  jtsclf.  SN198911 ;l~ tl)c l,CO tri])]ct g a l a x y  NG~ 3627 is inc.]udcd ill tl]c  salll])lc  o f

WC]] O~)SCYVCJd  t,ypc ] a s~l])ell]ova~:  disC~lssc~d  I)y ])]li]]i]js  ( ] 993). IL was oljsmvcd  ;Iltcllsivcly

all Ilic til]lc  of outburst  and ve ry  good  s]jcctrosco])ic  al)d ])liot,olllct,ric  data arc availab]c

(WCIIS [i al. 1994). SN198911 lIas .311110s1  tlIc SaIIIC  dccliltc  rate as SN1980N  wllic])  occuIIcd

ill N(; (l 1 3J6 of t$llc l“ol’llax  Clusle]’. hlalk  l’llillil)s  (I)rivalc  colllll)lllli(atioli)”  lIas ])ojlltcd

C)II1 llIat tllf’ stml)~, Ii Ill{ fro])) lxw 1 to tlI(L lorIIax  (l IIslc I \’ja tlIc SIIIT all(i I’NI,l:  II Ict]Iods



along  wit]] the rc]ativc  brigl]t]lcsscs  of tl]c  two  su}xm]cwac sup;gcsts that tllc ljco trip]ct  lla~l

a Inodu]us  s]nal]cr,  by about  0 . 5  n]ag,  tllall  tllc l~co 1 .gI’ollp. NG~ 3627 ison tllccxisting

SN ]ap~og,.a,~~ wi~]] 1]S’]’ a,~}d wct]~~~scxpcc~  a ]Ilolcdircctca]il)latic)ll  latCT.

(1,) Globular  ~lustcr IJulnillosiiy  I“uIlctioll (G~lil”)

‘J’his]ncthod  also has a largc])okntia]  ra]]gca]ld  isdcscrilxd  by IIarrisct  al. 1 9 9 1 .

It is ul]ccrtail)  yet whc:thcr  wc will inc.ludct])is  ]Jaralnctcr  for  cal ibrat ion) ill tl]c  Kcy

l'lojcctl  >lltil]tl  ~c]~rcscl]tc.o  ~~tcxt,m'c ])oi1lto~lttllat  IIarris ( I W O )  llasdisc~lssccl  availal>lc

observations for NG~ 3377 ancl NG~ 3379. lJsing a ccnnhincd  (J~l,lI’  for these galaxies and

coln])aring it with that  of the Milky Way  g]obulam, IIc finds a Lruc ll”lodulus  of 30.14 3

(].43 mag or a clistauc.c of 1 0 . 7  =1 2 .2  fol ~}lc J~CO 1 WOUP (A forcgloul~d  a~~sor]~~joll A}{ z

0.05  lr]ap; is assumed). ~olllparing  Lllc Gcl~l{’ of tlIC IJCO I F;IOUI) gal~xi~s  With tlla~ of tllc

Virgo cluster galaxicx, hc finds a diflcmltial  modulus of 1.42:1 0.41 lnag. lJsing;  our h!1100

(k])llcid  ]nodulus,  31.043 0.21 lnag (h’cmarcsc  ct al. 199G), this translates  to a ]nodu]us  for

lmo 1 of 29.59 4 0.46 (mrors  addccl i]] quaclraturc)  again  co]]sistcllt  witl]  our dctcmninatiol]

for NG(3 3351.

\~lc ]lavC sl~~~,cycd  t])~ va,io~~s scc,ol~dary  ilJdiCators  again  ]]crc to clll])l]asizc  I,llat OU1’

s t u d y  o f  t h e  @l)cids ill hTCJ~335]  wit]lili  t]lc  ],CO ] groLII) i s  v e r y  Inuc]l a slna]]  scale

])rcvicw  of wl)at  wc plal] to acllicvc  ill tllc Kcy l’rojcct  as a w11oIc,  ‘1’l]c Kcy  l’rojcct  is

cssclltiall-y  a c.alibral,ion task to tic C1OWI] tllcsc scc.oI]dary indicators sufficiently firmly that

our ultilnatc  ai~n of dctcm~illil]g  a global  110 to witllill  10% call bcco]nc a reality. Wlli]c  ill

t])c course of our work, wc are al.)lc  to set lilnits  011 110 (e.g. hlould  ct al. 1995), tltc fi])al

dcfillitivc  values will ]]ot c.omc ul)ti] after this task is c.ol)]])lctml.

‘1’IIr wo]k  IJrCSC]ltCd  ill tl)is l)al)cr  is I)ziscd  o]] olxwrlwtio]ls  ~~ri~l)  tl]c  NASA/l;SA 11111)1.)lc

S]mcc ‘1’clesco]m,  ol)taillcd  by (IIC S])ac.c ‘1’clcsco]w  Sc.icl]c( IIlst itutc, w]] icll is o]matcd  by



xi

AlJ]{A, lIIC. uIIclcr  NASA contract No. 5-26555. Wc gratcful]y  ac.k]]owlcx]gc tllc llclp  of

tlIc NASA aIlcl  S’]%] su])port  staff,  with s})ccial tha]lks  to our ~mograln  coordi]lator,  I)OUI:

\Tal ] ()].sow. Support for Lllis  work was ]mvidcd by NASA through grant  GO-2227-87A

fro~n S’I’SC.1. JOII IIo]tzma]]  p r o v i d e d  tlIc  ]Jixcl  ]na])s that wc used to c.orrcct  OUI fra]ncs

for g;co]nctrica]  dis tor t ion. l{obin  Ciarclul]o,  GcoIgc  Jac.oby, M a r k  l’llillips al]d JOIIII

‘1’oIIIy provided vduablc  comIIIcIlts  a]ld co]nmu]]icatcd  some data ]nior  to its ]mblication.

mnmcnts  and comlnunicatcd  some data prior  to its public. atio]l.  JAG would like to

ac.k]lowlcdgc with gy-atitudc  tlIc gcIIcI’ous  lIcI]) a]]d advice from Sm]dy  l{ciscr  i]] p;ctti  Ilg; tlIc

rcductio]l  software i]}to opcratio]l.



Ohs. l)atlc

29/1 1 /94

29/1 1 /94

29/11/94

29/1 1 /94

07/1 2/94

08/12/94

16/12/94

16/12/94

19/12/94

19/12/94

19/12/94

19/1 2/94

22/12/94

22/12/94

24/12/94

24/12/94

28/12/94

28/1 2/94

01/01/95

01/01/95

01/01/95

01/01/95

05/01/95

27

‘J’able]. IJog of olmrvatiolls

J]) (lIlid-CX]))

2449686.349

2449686.402

2449686.418

2449686.470

2449694,462

2449694.562

2449703.442

2449703.500

2449705.789

2449705.832

2449705.856

2449705,910

2449708.537

2449708.5W

2449711.285

2449711.338

2449714.905

2449714.958

2449718.591

2449718.644

2449718.658

2449718.711

‘2449723.07$

I’)x])osurc ‘1’ilrlc

(sCc)

1500

1000

1200

1200

1500

1000

1500

1000

1500

1000

1100

1000

1500

1000

1500

1000

1 50(1

1000

1500

1000

1 ()()()

1 50(1

1500”

h’;  1 t’cr

I“555W

F555W

1“814W

1“814W

I’555W

I“555W

F555W

I$555W

I“555W

I’555W

I“(SI4W

1“814W

F555W

I’555W

14’555W

1J555W

1“555W

I“555W

17555W

I“555W

I“814W

l~814w

l“555\v
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=,..—.  —

oh. l)ak

-. . . . . . . ——

05/01 /95

1 0/01 /95

10/01/95

16/01/95

16/01/95

16/01/95

16/01/95

23/01/95

23/0]/95

‘1’able 1- COlltinud

J]) (Inid-cxp) ltxposum’1’i]m l“iltm

(sCc)

2449723.135 1000 F555W

2?449728.108 1500 I“555W

2449728.162 1000 I“555W

2449734.072 1400 l~555W

2449734.126 1000 p555W

2449734.141 1100 1“814W

2449734.196 1400 I“814W

2449741.303 1500 I“555W

2449741.366 1000 I“555VIJ
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‘1’ab]c 2. ApMu

.

Chil)

1

2

3

4

1

2

3

4

c Corrcxtio]]s

Corrcctioll

(~) l“~~~\~’  (v)

-0.11

-10.01

-10.01

-0 .03

(b) I’814W  (1)

-0 .08

-0 .10

- 0 . 0 9

- 0.02

]), C!,

0.03

0.02

0.01

0.01

0.02

0.03

0.02

0.03



-30-

‘1’ablc3. Mag)litudcsof  IIrjgl]t  Stars

star

1-1

1-2

1-3

1-4

1-5

1-6

1-7

2-1

2-2

2-3

2-4

2-5

2-6

3-1

3-2

:3-3

3-4

:3-5

3-6

4- I

x

54’7.97

557.27

520.86

442.18

160.42

164.35

383.79

534.78

235,86

465.27

404,84

720.38

332.97

227.28

256.38

90.05

489.34

1 7:).65

(i5(i.59

559.33

Y

88.07

273.30

313.31

353.84

524.22

731.32

736.19

123.05

160.35

372.67

483.77

514.69

645.04

135.08

24 1.6[i

2(i5.9(1

297.$)o

535.92

(i74.71

131.17

R, A.(2000)

h 112 S
—.

1 0  43 51.(iO

10 43 51.35

10 43 51.40

10 43 51.57

1 0  43 52,16

IO 43 51.90

10 43 51.27

10 43 52.35

10 43 53.39

10 43 54.08

10 43 54.93

10 43 54.26

10 43 56.11

10 43 54.51

10 43 54.97

10 43 54.02

10 43 56.:)6

10 43 55.2{)

1() 4 3  58.(iO

10 43 53.8!1

lkx.(2000)

0 I II

11 41 18.91

11 4 1  2(i.39

11 41 28.71

11 41 31.80

11 41 43.91

11 41 52.37

11 4 1  48.69

11 4 2  14.12

11 41 48.56

11 4 2  17.80

11  42  16.76

11 42 46.47

11 4 2  l(i.(io

11 41 26.03

11 41 17.53

11 41 08.78

11 4 1  ?l.(i2

11 4 0  47.83

11 4 0  54.()(i

11 4 0  3(;.27

v

(ll-]ag)

24,51

24.83

24.44

24.00

25.01

23.39

24.26

21,49

24.05

22,15

22.80

21,35

~2.9j3

22.26

21.64

23.47

23. (i4

23.77

~3.5)7

:?:3.53

1

(Inag)

24.68

24.95

24.27

23.84

25.15

23.35

23.91

21.05

22.63

21.48

21.76

21.32

20,34

21.74

20.85

23.46

22.3(i

23.33

‘23.61

2?3.4(i



.

star

4-2

4-3

4-4

4-5

4-6

x

I 68.08

507.92

647.88

512.21

420.15

Y

159.20

220.24

313.96

649.63

709.22

‘J’abl(!  3 (:olltilluc(l

1{. A.(2000) lkx.(2000)

l l l l l s  O ’ ”

10 43 52.70 11 41 10.80

10 43 53.21 11 49 37.52

10 43 53.00 11 40 21,17

10 43 50.56 11 40 20.61

10 43 49.95 11 40 26.70

.—

v 1

(lIla,g)  (mag)

22.70 21.64

23.38 22.50

23.83 22.68

24.48 23.&S

22.30 22.25
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‘J’ahlc  4. l) AOI’ll Orl)/AI,l,l~llAMlt  minus  1)01) 110’1’  l’hotomdry

G __. = —. . ..——

Chip No. Stars ‘A-V No. Stars ‘A 1
-.

(a) IIrigllt Stars

1

2

3

4

5

12

16

13

-0.15 II 0.03

-0 .064  0 .07

+ 0.033 0.03

-0 .034  0 .04

(L) Cq)hcids

- 0.04 :1 0.05

+ 0.064 0.07

0.004 0.03

-{ 0.07:1 0.03

7

(i

7

(i

5

9

15

12

-10.05 + 0.02

- 0 . 0 7 4 . 0 . 0 7

–0.04 3.0.03

-0 .104  0 .02

i 0.07 + 0.08

- 0 . 0 2 4 0 . 0 9

-0.01 4 0 . 0 3

-10.01 4 0.03



‘J’able %. v l’llot,olIlct,lyf  oltllclJ  illal Salnp]c

.

J])

2449000 .-i

(i86.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.106

728.135

734.099

741.333

33

co] 1’=-43.0

Vd A V

24,7640.14

24,53+0.12

24.1530,08

24.22+-0.08

24.203.0.10

24.31+0.08

24.36+0.09

24.534:0.10

24.5740,10

24.65+0.11

24.8540.13

24.1640.08

C02 1’= 41.0

v,{ Av

24.1 1:+ 0.07

24.6840.08

24.86+ 0.05

24.91+ 0.07

24.80J  0.07

24.6340.07

24.12j  0.04

23.9740.05

24.09:10.06

24.2540.05

24.4530.07

24.65:10.06

C03 1): 37.9

\/j A\/

25.37+0.10

24.49j  0.10

24.7640.11

24.7530.08

24.9240.10

25.1040.10

25.18 j.O.12

25.37:10.12

25.5340.14

25.3040.14

24.4{)4 0.11

24.7630.11

C04 l’=- 36.8

V S AV

24.3840.09

24.7040.11

24.8340.12

24.62+0.10

24.10:10.09

23.91 +0.06

24.06+0.08

24.1340.12

24.3440.14

24.4730.07

24.6740.09

24.8210.10

C05 1’=35.0

v 3 A\/

24.7840.13

24.7430.12

25.28A 0.13

25.14+0.12

25.32+0.18

25.32+0.19

25.4140.16

24.9240.13

24.49+0.24

24.64j  0.10

25.12+0.15

25.3640.57



‘1’able 5a. V 1’]~OtO~nctry for the h’inal Sample

:-.——

J])

2449000.+
.

686.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.106

728.135

734.099

741.333

- 34

cOG 1’=34.5

v + A\/

24.85+0.08

24.89+0.15

24.4940.12

24.0640.08

24.233.0.08

24.393:0.05

24.61+0.11

24,77+0.11

25,084:0.15

25,15+0.10

25.0630.12

24.03+0.13

C07 1’=34.5

V 3- AV

26.2140.23

25.59+0.31

26.0940.30

26.0640.21

26.12+0.22

26,0030.26

26.324-0,40

26.0640.25

25.77 d.O.23

25.71+0.21

25.59+0.23

25.7940.23

c08 1’=32.0

v -+ Av

24.69+0.21

25.024-0.27

24,0040.15

24.2130.14

24,22S 0.18

24.364.0.23

24.513:0.16

24.794.0.21

24.8740.20

24.8240.20

24.0820.13

24.344.0.70

c.09 1’=-32.0

v ~ Av

24.10+0.24

24.00+0.10

24.0640.09

23.9840.09

23.92+:0,11

23.70+0.10

23.86+0.10

23.9430.09

24.03+  0,1 1

24.11:10.09

24.11 +-0.09

23.8040.08

cIO }’= 27.0

V 3 AV

26.54 S0.32

26.47+0.45

26.2230.30

25.88+0.18

25.96+:0.17

26.024-0.20

26.11+0.25

26.52d  0.32 ,

26.62+0.34

26.124.0.35

25.7520.20

26.35+0.35



‘l’able 5a. V l’llotomctry  for the IO]]al SaInplc

=

J])

2449000.+

686.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723,106

728.135

734.099

74].333

35

C] 1 1’=25.7

V + AV

24.91+0.15

25.29+0.12

25.40+0.16

24,34+0.07

24.533-0,09

24.74+0.09

24.97+0.24

25.3430.14

25.724-0.14

25.57+0.16

24.5040,08

25.2540.18

c12 1’=24.7

V 3. AV

25,5230.07

25.73+0.17

24.88j  0.08

24.973:0.10

25.463.0.10

25.36+0,16

25.89+0,16

25.903.0,11

25.5840.15

25.003-0.09

25.4530.08

25.974-0.19

c13 1)=-24,4

VA A V

24.77:10,11

25.263,0.10

25.493.0.17

25,3540.14

24.49 ~0,10

24.7140.11

24.7630.15

25.03 d-0,14

25.4130,12

25.56+0.13

24.5530.17

24.9540.10

——

c14 1’==23.9

V j- AV

26.363-0.21

25.28 d-O.10

26.19+0.16

25,77+0.12

25.93+0.12

26.05+0,13

26.2330.19

25.05+0.10

25.5630.12

25.57+0.11

25.9440.14

26.03+0.16

c15 1)==23.4

V 3 AV

25,2630.18

24.46+0.12

24.763:0.12

24.9430.16

25,21+0.13

25.133:0.18

25.044-0.15

24.28j  0.12 ,.

24,514.0.14

24.944:0.11

25.07+0.16

24.4740.10



J])

2449000,+-

686.3’75

694.492

703.471

705,815

708,567

711.311

714.931

718.617

723.106

728.135

734.099

741.333

3(i -

CIG 1’=21 .6

V 4- AV

26.243-0.14

25,6540.14

25.573-0.09

25,713:0.10

26.02+0.13

2(3.32+0.15

26.1130.19

25.374-0.14

25.83 i0.17

26.08+ 0.19

25.9540.21

25.353.0.12

c17 1’=-21.4

v j Av

26.613-0.21

26.66 s-0.20

26.3830.16

26.473  0.)8

26.87&0.22

26.82+0.13

26.7240.15

26.66+-0.24

26.46+0.16

26.51:10.24

26.9540.24

26.62+-0.17

C.18 }’=20.8

V d. AV

25.8440.15

26.6930,15

26.6030.19

26.344-0.13

25.804-0.15

26.1340.14

26.393-0.17

26.924-0.2]

26.953.0.41

25.80:1.0.11

26.3840.15

27.0240.32

C19 1’=:19.8

V 5. AV

C20 1’==19.5

V + AV

25.26+0.18

25.284.0.13

25.543-0.15

25.43+0.14

24.71+0,10

25.024-0.09

25.43+0.08

25.57+0,12

26.16+.0.13

24.5640.09

25.3940.13

25.84+0,16

. . .

26,0840.15

25.313-0.15

25.603,0.16

25.77+0.19

25.824-0.12

25.883,0.11

24.744:0.11 . . .

25.363-0.10

25.8040.09

25.8840.12

25.114.0.07



‘1’able 5a. v ]’}~~t~mctIy  for t]lc  }1’i]lal  Samp]c

J])

2449000.+

686.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.106

728.135

734.099

741.333
_——

37

C21 1’=19.0

\/-J A\7

25.8040.28

25.66+0.12

25.52+0.16

25.79+0.22

25.893.0.24

25.42+0.12

24,99+0.16

25.31~ 0.09

25.66 A-O.19

25.7640.18

25.0140.10

25.53+0.20

C22 1’=17.5

V,] A v

25,223.0.15

25.9540.20

24.9640.16

25.10:10.14

25.88+0,22

25.654-0.14

26.123-0.21

24.8340.15

25.1720.15

25.5640.20

25.64+ 0.25

25.6430.12

c23 1’=16.9

\/j A\/

2(3.294  0.24

26.33+0.31

26,47+0.30

26.923:0.26

27.443:0.58

26.33+0.16

25,88+0.54

26.86+0.26

26.92+0.37

26.52+0.25

2(;.02:1  0.20

. . .

c24 1’=16.1

\/ ~ A\/

25.84$0.22

25.553-0,16

25.80+-0,1($

26.1930.16

26.363-0.13

25.02 i0.07

25.34+0.10

25.874.0.16

26.15 EL0.17

25.1040.08

25.7440.14

26,854.0.23
——

c25 1’=. 16.1

v 3 Av

25.4230.18

26,113-0.24

25.65+0.17

25.8440.19

26.33 i0.23

26.42:10.15

25,37 j-O.42

25.414:0.14 . .

26.0930.19

26.064  ”0.16

25.25:10.13

26.llio.18



. .-..

J])

2449000.-i
-.

686.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.]06

728.135

734.099

741.333
- - -

C26 1’=-16.0

V + AV
—.

25,61 S.0.22

25.10+0.14

25.5840.17

25.68+0.14

25,56+0,17

24.87+0.08

24.94+0.13

25.36+-0,14

25.753:0.14

24,67+ 0.1 1

25.4940.13

25.353:0,14

c27 1)=:15.8

v + A v

26.14g  0.30

25.23+0.12

25.943-0.23

26.13+0.21

26.323-0,38

25.3040.15

25.5840.28

26.0730.30

26.0640,22

25,45+0.15

25,774-0.17

25.52d  0.35

.

C28 })=-15.4

v + A\7

25.1430,14

25.62+ 0.1 1

25.0340.12

25.243.0.13

25.694:0.17

25.9640.21

25.6830.15

25.0930.09

25.5640.55

25.744-0.24

25.07+0.13

25.5640.13

c29 1)=-15.2

\/ 4 bv

25.224.0.09

25.133-0.17

24.72 ~.O.09

24.88+0.09

25.253.0.46

25.2030,12

25.34 ~_0.l 1

24.724,0.09

25.003.0.13

25,21+0.14

24.68~1 0.09

25.16+0,10

c30 1’==15.2

V 4- AV

25.50+0,20

24.89+0.12

24.68+0.13

24.70+0.19

25.253.0.17

25.2240.17

25,40+0.15

24.68+0.32 . .

25.10+0.15

25.21+0.16

24.5940,14

25.1240.18



‘] ’a,b]C  5a ,  v ])] IOtO]I-ICt]y for tl)c  IOna] Samp]c

39

J])

C449000.  +
. .——.

2449686.375

2449694.492

2449703.471

2449705.815

2449708.567

2449711.311

2449714.931

2449718.617

2449723,106

2449728.135

2449734.099

2449741.333

C31 1’==15.  )

\/ -+ AV

26.4440.21

25.6630.20

26.2940.30

25.53+0,16

25.77 i0.22

25.97+0.29

26.14+0.21

26.123:0.26

25.77+0.14

25.97+0.14

26.14+0.13

25.89+ 0.14

c.32 1’= .14.4

v+ A\l

26,1540.30

25.34+0,16

25.7730.26

25.1240.10

25.47+0.18

25.63+0.18

26.32+0.25

25.7240.25

25.40 ~-O.13

25.8340.19

25.3430.54

25.7330.13

C33 1’=” 14.0

V J AV

25.7330,19

24.7230.11

25.77+0.13

25.5730.15

25.10+0.13

25.22+0<

25,514:0

25,96+0

24.92+0

3

9

7

0

25.57:10.32

25.643-O. ] 1

25.2630.13

C34 1’= 14.0

V4 A\/

25.8540.27

26.5140.39

25.8540.24

26.0740.31

26,25 ~0.35

26.96+0.71

25.64:{ 0.37

26.134.0.28

26.58~ 0.43

26.30:10.38

26.23:10.35

26.2040.33

C35 1)= 13.5

V 4 AV

25.603-0.11

26.0440.18

25.373-0.14

25.71+0.18

25.863-0.16

26.8340.18

25.2530.13

25,6930.14 ,

26.4430.38

25.1440.11

25.(X3 0.17

25.5630.22



L—. - .__. __—

J]]

2449000.-I

&SG.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.106

728.135

734.099

741.333

- 4 0 -

. . . . . - . . . . . . . . . . ..C.

‘l’able 5a. \/ l’JIoto]nctry  lo]  tJlc J(’lnal  hamp]c

C36 1’==13.4

V 4- AV

25.904,0.14

26.09+0.15

25.79+0.15

25.7930.18

26.45+0.21

26.30+0.34

25.31+0.12

26.41+0.22

26.494-0.25

25.244-0.13

25.91 +0.21

25.64+ 0.16

C37 1’= 13.4

V3AV

25.84 L0.24

25.73+ 0.16

26.4440.24

26.32+ 0,24

25.65+0.15

25.5830.18

25.6940.21

25.9830.21

25.1640.16

25.8240.16

25.83+0.21

25.67+  0.20

c38 l’u 13.2

v s AV

25.82+0.27

25.56d  0.18

25.47+0.22

25.61S 0.27

25.80+0,19

26.18+0.25

25.58+0.17

25.65+0.21

26.1130.21

25.35+0.20

25,70+0.26

25.6030.20

C39 1):-- 12.8

V 3 AV

25.76+.0.18

25.334:0.13

25.8240.11

25.20+-0.07

25.434-0.17

25.853-0.19

26. ]34.0.12

25.074-0.08

25.604.0.17

25.8840.12

25.6130.08

25.8!3:1  0.18

c40 1’==12.5

V + AV

25.9140.29

26.484,0.17

26,374  0.]9

26.754.0.41

26.654-0.18

25.723:0.18

26.4640.28

26.68+0.16 . . .

25.963.0.17

26.3540.18

26.10+0.16

26.3140.16



. . . .
‘lhblc!  5.3. V J’]lotoll”l(!iry  fol’ tllc l’inal  hJll])]C

J])

2449000.-i

686.375

694.492

703.471

705.815

708.567

711.311

714.931

718.617

723.106

728.135

734.099

741.333

c41 I> V12.3

V $ AV

25.923.0.22

25,27+0.17

25.4140.26

25.13+0.11

25.96+0,23

26,15+0.23

25.97:10.22

25.49:{  0.16

26.03+0.19

25.483:0.14

25.79+0.20

25.3930.11

c42 1)=-12.3

V:l A V

25.39~ 0.17

25.54+0.13

25.7430.14

25.434-0.14

2409~+0.]~

25.313-0,13

25.6040.18

25.47:10,12

25.25:10.14

25.75d  0.18

25.0630.11

25.723-0.17

C43 l’=- 11.8

V -J ~\/

25.9030.18

25.75+ 0.17

26.32:10.16

25.77+0.15

25.96+0.21

26.3630.27

26.84+0.24

25.79 ~.O.09

26.4940.23

26.09 d.O.23

26.26+0.21

25.78:{  0.16

C44 }’=-11.4

V 3 AV

26.3940,17

26. IOZI 0.16

25.98 d.O.16

25.93+0.13

26.53+0.11

26.77+0.22

25.9340.18

26.35d  0.23

27.0540.25

25.8740.15

26,8440.28

26.2740.20

—

C45 1’= 11.2

v ,1 Av

25.6440.16

25.85:0.20

26.33A 0.22

25.8740.24

25.593:0.22

25.9630.12

26.644:0.42

25.98d  0.16

2(i.223 0.24

26.0730.25

26.0340.15

254803.0.18
- .



- 42-

.

J])

2449000.+
—.

686.375

694.492

703.4’71

705.815

708.567

711.311

714.93]

718.617

723.106

728.135

734.099

741.333
-.

‘J’abk %. V  l’}iolmnctry  for the  1+’i]tal  %unplc

-—

C46 1’==11.2 c.47 1’=10.6 C48 1’=10.6 C49 1’=10.0

VdAV V  3 AV V  d. AV V  :1 AV

26.60:10.32 26.0340.18 25.9040.25 26.863-0.54

26.353-0.23 26.1530.17 25.874-0.13 26.lli-o.22

26.34:+  0.18 25.744.0.17 26.4040.39 25.9530.12

26.36:10.33 25.90:10.11 26.03:10.25 26.2140.22

26.83:{ 0.33 25,91 If 0.21 26.37:10.21 26.9740.32

26.06+ 0.27 25.36:{  0.17 26.65:1.0.28 26.444-0.38

26.3840.27 25.85j  0.16 2(3.21+  0.33 2(3.34*0.21

26.583.0.21 26.0640.24 26.1340.37 26.463-0.2:3 . .

25.9130.32 25.47 :!.0.16 26.5130.28 26.2(240.35

2(i.29A 0.28 26.16:!  0.25 25.7430.23 26.673-0.24

25.9430.17 25.5540.16 26.4640.37 26.11:{ 0.15

26.634:0.36 25.7630.21 26.2540.17 26.36+ 0.30



43-

J]) c o ]  1’= 43 .0  C02 1)=” 41 .0  C03 1’: 37 .9  C04 1’= 36 .8  C.05 1’= 3 5 . ( I

2449000+ 1+./31 1:1 Al 14A] 1 i Al 14 A l

686.444 23 .7640 .08  23 .263-0 .05  24 .4530 .09  23.35+0.07  2 3 . 7 5 4 0 . 1 1

705.883 23 .314-0 .07  23 .714-0 .06  23.48+-0.09  23.744-0.07 24.01 +0.14

718.686 23.42+0.10  23.05+0.05  2 4 . 1 5 4 0 . 0 8  23.30+ 0 . 0 8  2 3 . 8 9 3 0 . 1 1

734.169 23 .694-0 .07  23 .2340 .06  23 .6440 .08  23 .674-0 .07  23 .8240 .12
_.. ——— — ——.—— _—— ——————

‘J’ab]c 5h. ) l’hotmmctry  fol  l’inal  Samp]e

J]) c06 1’=34.5 c07 ]’= 3 4 . 5  c08 }’= 3 2 . 0  cog 1’=32.0  [10  ]’: 2 7 , 0

2449000+ 14 A l IJ AI 13A] 14A1 13A]
—.

686.444 23.60+  0.13 25.6930.67 23.7130.13 23.363-0.09 24.98:10.33

705.883 23.22DI 0.10 24.9940.31 2 3 . 2 7 3 0 . 1 0  23.41:{  0.12 23.82zI 0 .09

718.686 23.6130.09 25.24,1 ().33 23.73,{ 0,10 23.37,10.09 24.47,10.20

734.169 23.{)73  o.0{] 25 .5140 .39  23 ,3830 .09  23 .5130 .08  24,90+ 0.28



44-

J]) cl] 1) U25.7  c12 1’: 2 4 . 7  c13 1’= 2 4 . 4  c.14 1)=:23.9 c15 1’= 2 3 . 4

2449000-i I + A l 1:1 A l 14A] 13A] I :{ Al
-.

(X6.444 24.10+-0,12  24 .2240.41  24 .0540.10  24.75+0.13  2 3 . 8 3 3 0 . 1 2

705.883 23.82+0.09  24,0740,10 24.6630.15 24.4330.12 23.7430.13

718.686 2 4 , 3 4 3 - 0 . 1 3  24.G93 0.13 24.43+0.13  24,24j  0.09 23.45~ 0 . 1 0

734.169 23.85+0.08  24 .8830.19  23 .8930.08  24.04+0.12  2 3 . 7 8 4 0 . 2 7

‘1’able 5b. 1 l’hotomctry  for l~illal  Sample

_——  —————  .. ——— —— ——.

J]) c16 I] U-21.6 c.17 1’==21.4 c18 1)= 2 0 . 8  c19 1)=19.8  c20 })=19.5

2449000+ 13. A l 1:1 A l 1:1 Al 13A] lA AI
-.

686.444 2 4 . 5 3 4 0 . 1 6  24.47+0.08  2 4 . 6 3 3 0 . 1 5  2 4 . 3 5 3 0 . 0 9  2 4 . 6 4 3 0 . 1 9

705.883 24.64  +G.12 24 .4230.10  25 .2240.17  24.22:i 0.14 24.41+0.13

718.686 24.2($3 0 . 1 2  2 4 . 5 3 4 0 . 0 8  2 5 . 3 3 4 0 . 1 8  2 4 . 0 5 4 0 . 0 8  23.{~3El 0 .20

734.169 24 .87 :10 .16  24 .4940 .10  24 .9930 .10  24 .7040 .09 24.4240.13



45

J]] c21 1)= 19.0 c22 1)= 17.5 c . 2 3  1)=-16.9  c 2 4  1)=16.1 c25 1)= 16.1

2449000+ 1 i Al ILA1 IL.A1 14A] 13AI
.—

686.444 24.79  i0,20  24.083.0 .15  25.33+0.28 24.643:0.16  2 4 . 5 9 4 0 . 1 5

705.883 24.384:0.15  24.21 +0.1 1 25 .573-0 .25  25.09+ 0.18 24.(XH 0 .14

718.686 24.43+0.15  23.97+0.12  2 5 . 5 3 4 0 . 3 0  24.65+0.39  2 3 . 2 8 4 0 . 3 9

7344169 24,14+0.11  24.44+0.16  25 .3540.23  24 .723-0 .16  24 ,5040.11
—.. ———. —

J]) c26 1’= 16 .0  c27  1)= 15 .8  c28 1’=.15.4 c29 1)= 15 .2  c30  1): 1 5 . 2

2449000+ 1 II Al 14A] 1 + Al ldAl 1 + Al
-.

686.444 24 .4140 .14  24 .8330 .20  24.37+ 0.14 24.213.0.14 24.84:10.22

705.883 24.64:10.16 24 .8830 .19  24 .4730 .14  24 .15 :10 .18  24 .1440 ,12

718.686 24.68:10.14 24.9130.19 24.3540.11 23.9(1:1 0.12 24.16:10.12

734,169 2 4 . 4 5 : 1 0 . 1 3  2 4 . 8 0 4 0 . 1 7  2 4 , 3 0 4 0 . 1 3  24.01+0.10  24.10j  0 ,11



-

4(i

J]) C31 })= 15.1 c 3 2  1’: 1 4 . 4  c33 1)= 1 4 . 0  c,34 1’=-14. o c35 ]’: ] 3 . 5

2449000-i 13A] 14 A l 1:1 A l 14A] 1 :{ A l
—.

686.444 2 5 . 5 2 3 0 . 2 0  25.424:0,75  2 4 . 3 8 3 0 . 1 7  2 5 . 4 2 4 - 0 . 2 6  24.67+0.19

705.883 24,80 i0.14  2 4 . 5 5 4 0 , 1 4  2 4 . 1 5 4 0 . 1 4  25.93  i0.58  . . .

718.686  . . . 24 .8240 .17  24 .29 ,10 .16  25 .8130 .43  24.70+0.18

734.169 2 5 . 2 9 3 0 . 2 1  24.79i  0 .18  24 .09 :10 ,14  25.72+0.48  2 4 . 8 0 + 0 . 1 1

J]) c.36 1’= 1 3 . 4  c.37 1’= 1 3 . 4  ~.38 1’= 1 3 . 2  ~39 1)=-12J3 C40 }~= 12.5

2449000-I liAl ldAl 14A] 13A] 1 3  A l

686.444 25 .0740 .17  24 .9740 .22  24 .7730 .49  25.03+  0.20 25.20,10.24

705.883 25.16+0.28  24.7(i3 0 . 4 5  24.81+ 0 . 2 4  24.49+ 0 . 1 2  2 5 . 6 2 3 0 . 2 3

718.(i86 24,72:1 0.1(; 25.1740.29 24.55:40.21 24.61:{ 0.12 25,5930.27

734.169 25.10,{ 0.22 25.1 1,{ 0.21 24.93:10.22 24.6240.10 25.24,10.19



‘1’al)lc  5b. 1 J’}Iot,oInctIy for l~i~]al  SaInplC

-47-

Jl) c41 })=12.3  c42 1’= 1 2 . 3  c.43 1’=11.8  c44 1’:- 1 1 . 4  c45 1’= 1 1 . 2

2449000-I 13A] ldAl 1 + Al ldAl 1 d Al
-—

68(3.444 24.9040.20 24.90,10.28 25.043-0.24 25.8530.18 24.78:10.14

705.883 24.804:0.21 24.873.0.23 25.0730.15 25.32+0.20  2 5 . 0 0 3 0 . 2 6

718.686 25.033-.0.22 25.’2540.48 24.9940.17 25.2640.19 25.0640.18

734.169 25.28+0.24  24.72,10.16 24.914-0.14 25.584.0.31 25.2540.21
.—

‘J’al)lc  5b. 1 l’lIOtOIIICtlry  for F’i]lal  Samp]c

. —.

J]] C46 1’=11.2 C47 1’=-10.6 C41S }’= 10.6 C49 1’= 10.0

2449000+ 14 AI 1:1 A l 1:1 A l 14A]

686.444 26.00:10,59 25.21:10.36 25.44:10.54 2J.43:1 0.44

705.883 25.97~ 0.81 25.49:10.38 26.04+0.86 25.15+ 0.44

718.686 26.8541.94 25.47:10.29 25.4130.33 . . .

734.169 26.37A 0.87 25.0240.20 25.6440.40 25.54+ 0.60



~.

Stal’

co 1

C02

C03

C04

C05

C.06

C07

C08

C09

c1 o

c1 1

c1 2

C13

C14

c.] 5

Cl(i

C17

C18

c 19

C2?0

(“?1

Cl)ip

4

1

4

4

2

3

2

2

2

2

4

3

4

4

3

3

1

1

4

1

3

-48-

‘1’able 6. l’miiio]]s and l’miocls for Cc] Jl]cicl  \~ariablcs

x

138.63

546.13

462.26

391.30

126.93

561.55

382.20

134.01

475.83

452,99

248.06

150.05

785.11

736.44

606.41

255.73

463.78

469.15

402.05

083.5(;

614.73

y

111.42

125.85

583.11

111.69

218.77

71].47

552.03

27’7.87

240.19

637.15

584.83

432.48

379.89

437.25

350.57

(i17.34

254.91

455.80

342.50

]95.~4

5s4.73

li.A. (2000)

1) 111 s

10 43 52.92

10 43 51.54

10 43 50.83

1 0  43 53.58

10 43 54.05

10 43 58.07

10 43 55.41

10 43 54.39

10 43 53.23

10 43 5 5 . 7 4

10 43 50.26

10 43 54.83

10 43 52.94

1 0  43 52.46

10 43 57.46

10 43 55.98

10 43 51.[i2

1 0  43 51.37

1 0  43 52.17

10 43 52.77

10 43 58.11

I) C!C. (2000)

0 I II

11 41 15.20

11 41 20.40

11 40 27.44

11 40 52.17

11 41 41.04

11 40 49.[i4

11 42 17.44

11 41 43.99

11 42 13.48

11 42 27.26

11 40 47.00

11 40 55.89

11 40 52.94

11 40 07.86

11 41 20.49

11 40 43.28

11 41 27.22

11 41 35.5[i

11 40 4?.26

11 41 31.54

11 41 00.34

1’

(days)

43.0+1 .0

41.0+ 1.0

37.9:! 1.0

3(i.8:1 1.0

35.0: }-1 .0

34.5+1  .0

34.5:10.5

32.03- 2.0

32.0+ 1.0

27.Ofl 0.5

25.740.8

24.741.5

24.4z1 0.3

23.930.2

23.4:1.0.2

21 .6:{ 0.2

21.440.2

20 .8 :0 ,2

19.8,1 0.2?

19.54 -().2

19.0,10.2

Not!c!s

2

3

4

5

(i



-49-

‘J’able 6- Col]ti]]ucd
>..

Star

C22

c23

C24

C25

C.26

c27

C.28

c29

C30

C31

c32

C33

C34

C35

c3(i

C37

C38

C.39

(:4 o

(“4 1

C41?

~l)ip

2

4

4

2

3

2

3

3

2

4

2

3

2

3

4

4

2

1

3

3

3

x

789.28

781.84

684.23

749.20

247.31

053.00

183.71

201.90

477.18

087.68

756.19

101.11

630.41

132.76

642.59

321.55

215.43

770.97

370.67

413.95

224.9[)

Y

250.71

376.43

404.73

291.81

314.20

204.09

457.75

183,86

242.98

674.51

570.06

367.81

576.08

102.23

] 59.~~

102.64

117.08

340.06

(i28.81

288.78

0[;1 .97

R.A,(2000)

11 111 s

10 43 52.55

10 43 52.96

10 43 52.53

10 43 52,81

10 43 55.)1

10 43 54.16

10 43 55.11

10 43 54.48

10 43 53.25

10 43 49.30

10 43 54.51

10 43 54.3(i

10 43 54.8!)

10 43 53.84

10 43 53.94

10 43 .53.45

10 43 53.18

10 43 50.65

10 43 5(i.72

10 43 56.08

10 43 54.30

-.

I) CC.(2000)

0 I II

11 42 42.23

11 40 06.32

11 4 0  14.10

11 42 40.26

11 41 10.46

11 41 33.78

11 40 54.90

11 41 20.48

11 42 13.70

11 40 58.07

11 42 51.95

11 40 59.81

11 41 25.17

11 41 25.17

11 40 27.38

11 40 58.89

11 41 44.95

11 41 25,27

11 40 46.72

11 fll 19.22

11 41 32,44

1’

(days)

17.530.1

16.941.0

16.13-0.1

16,13-0,2

lti.oll  0,1

15.840.1

15.430,3

15.230.2

15.240.1

15.1+ 0.2

14.430.1

14.03-0.2

14.04-0.1

13.53:0.3

13.4+ 0.2

13.440.2

13.230.1

12.840.4

12.530.2

12.340.1

12.340.1

Nokx

7

8

9

10

11

12

1:3
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Star

-. —.. ..— —

C43

C.44

C.45

C46

C47

C48

C49

——

chip X Y

3 328.75

4 310.73

3 564.20

2 209.64

3 436,49

3 680.53

3 589.75

648.46

369,75

678.34

541.90

683.77

517.58

496,76

R.A.(2000)

h m s

10 43 5645 1

10 43 51.76

10 43 58.05

10 43 55.82

10 43 57.27

10 43 58.34

10 43 57.72

I) CC.(2000)

0 I !1

11 40 43.31

11 40 49.53

11 40 50.27

11 42 01.42

11 40 44.33

11 41 09.04

11 41 07.36

1’ Notes

(days)

11 .8+0.2

11.440.3

11.23”0.2 14

11.230.2 15

10.630,1

10.6+ 0.1

10.0+ 0.1

] c.07: wry high background - poor light curve - cxc.ludcd  from 1>1, fit.

2C.09:  low a]nplitudc,  flat botto]]lcd  lig;l]tcurvc  - ]JIIotomctry  c o n t a m i n a t e d  by bright  b]uc

co]npanion  - cxcludcd  from 1’1, fit.  WCII  scparatccl from  c30 .

SC] o:

4C14:

5CI 7:

6C21  :

7C22:

8C23:

‘)C27:

}li,gh  background - low quality ligl]i,  c.urvc. . .

clol]gatcd  i]nagc  - co]lsistc]]tly  rcjcctcd by l) AOl’llo’1”  - 1)01) 11() ’1’ used.

image elongated - red  compa]]ion  - very rcd  color - cxcludcd fro]n  IJl, fit.

OIIC deviant poi]]t,  i]] liglltl  curve.

cJosc to cd.gc of fra]nc  - SOIIIC dcvial]t, p]]asc  ]wint,s.

clu Inpy  background - low quality light curve.

very close t,o cclgc c)f fralnc.

‘°C30C  C,]OSC  t,o but  W C ] ]  sc])aralmc]  fro]]] CO!).

]  ‘c34:  l)ackp;rou])c]  IIi$l].

1? .>., .llf.  11 - 1:.1,
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Stal

co]

C.02

C03

C04

C05

C.06

C.07

C.08

C09

c1 o

c1 1

c1 2

c1 3

C14

c.] 5

cl 6

C17

[1 8

(’19

(“20

(’21
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‘j’able 7. l’miocls/h4ca11 h4ag11itudcs  for @pllcicl  Variables

1’ log]’

(days)

43.0

41.0

37.9

36.8

35.0

34.5

34.5

32.0

32,0

27.0

25.7

24.7

24.4

23.9

23.4

21.6

21.4

20.8

](]5

19.5

](](]

) .633

1.613

1,579

1 .5(M

1.544

1.538

1.538

1.505

1.505

I .431

1.409

1.393

1.387

1.378

1 .3[i9

1.334

I .330

1.318

] .X)o

] .290

1.279

< v >i,,

24.42

24.41

24.95

24.38

25.00

24.57

25.92

24.44

23.96

26.18

24.96

25.42

24.97

25.76

24.79

?j5.81

2(i.(i3

26.32

25.26

25.(iO

25.49

< v >1,},

24.42

24.39

24.95

24.36

24.<)9

24.&i

25.90

24.47

~3,97

26.21

25.04

25.42

25.03

25.75

24.76

25.77

2(i.(i3

26.41

25.28

25.47

2!).47

< 1 >i,L < 1 >P}L

23.52

23.29

23.86

23.50

23.86

23.56

25.32

23.50

23.41

24,78

24.01

24.42

24.21

24.33

23.69

24.55

24.48

25.01

24.29

24.32

2.4.41

23.49

23.31

23.81

23.52

23.86

23.56

25.31

23.48

23.41

24.72

24.05

24.38

24.34

24.35

23.63

24.52

24.49

25.O(i

24.31

24.30

24.35

< 1 >AI

23,46

23.42

23.91

23.47

23.86

23.58

25.33

23.53

23.37

24.64

24.15

24.45

24.31

24.35

23.64

24.55

24.45

24<)4

24.2[i

24.32

:)4,43
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‘1’able! 7- Colliillucd
,.

star

I

cm

C.23

C24

C’.25

cm

C27

cm

C29

C.30

C31

c32

C.33

C34

C.35

c3(i

C.37

C38

C39

(;4 ()

(’4 1

C42

1’

(days)

17.5

16.9

16.1

16.1

16.0

15.8

15.4

15.2

15.2

15.1

14.4

14.0

14.0

13.5

13.4

13.4

13.2

12.8

12.5

12.3

12.3

log]’

1.243

1.228

1.207

1.207

1.204

1.199

1.188

1.182

1.182

1.179

1.158

1.146

1.146

1.130

1.127

1.127

1.121

1.107

] .097

1.090

1.090

< v >i,,

-.

25.40

2(i.56

25.70

25.77

25.27

25.73

25.41

25.02

24.99

25.94

25.60

25.35

26.]6

25.67

25.87

25.76

25.68

25.58

26.2(i

25.62

25.40

< v >1,},

25.45

26.47

25.(i5

25.72

25.22

25.75

25.44

25.06

25.03

25.93

25.60

25.33

26.18

25.73

25.95

25.77

25.70

25.60

26.27

‘25.[i9

2F).38

—.

< 1 >i,~

24.1(;

25.44

24,75

24.49

24.53

24.85

24.37

24.08

24.27

25.l(i

24.85

24.22

25.70

24.72

25.00

?4.<)9

24.75

24.(i7

25.39

~4.{)~

24.{)]

< 1 >1,),

24.23

25.45

24.87

24.54

24.56

24.86

24.40

24.15

24.38

25.13

24.92

24.25

25.59

24.71

24.99

25.03

24.75

24.73

25.3(i

~4~)4

~4,g9

24.30

25.42

24.65

24.(iI

24.64

24.71

24.52

24.22

24.38

25.22

24<{)o

2 4 . 0 8

?,5.(i6

24.76

25.09

24.89

24.76

24.78

25.39

25.O(i

24 .9(i
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. . -..

G

star

C43

CA 4

C45

C4 (i

C47

C48

C49

11.8

11.4

11,2

11.2

10.6

10.6

10.0

1.072 26.00 26.14 2 5 . 0 0 24.99 25.11

1.057 26.27 26.29 25.47 25.48 25.60

1.049 25.96 25.99 25.01 25.04 25.04

1.049 26.32 26.30 26,24 26.19 26.23

J .025 25.80 25.75 25.29 25.25 25.’25

1.025 26.17 26.21 25.60 25.63 25.67 . . .

1.000 26.35 26.39 25.36 25.43 25.37
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(a)

(b)

(c)

(cl)

(A)

(n)

(c)

(f)

(c)

(d)

(I))

‘J’able 8.

Soum! of Uncx!rtaillty

1~’555W  calibratio]l

1{’814W calibration]]

V photometry zero

1 pllotolIlctry  ZCIO

cumulative. error V

cumulative error  1

1’1, fit (V)

1’1, fit (1)

T r u e  M o d u l u s

l,h(l C kfOdU]US

‘J’otal U nc-mtainty

J{;rror  J ~Ud:;C!t

l’h’ol’ commcIlt

3 0.04

4 0.04

j 0.03

4 0.04

~ 0 . 0 5 (cmol’s  Uncorrclakxl)

3 0 . 0 6

+ 0.06

3 0.05
4 0 . 1 6 due h A,ll,c,f

(mrors  corrclatcd)

11 0.10

3 0 . 1 9
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l~ig.  1.- A V  image of NCc 3 3 5 1  wit]] t}]c IIuljljlc S})acc ‘J’clescopc  field ]narkcd.  It is

ada])tcd fro]n 3 10-lr)inutc  Ccl) fralncs  takm]  wit]] tllc l,as  Gml]mllas  2.51n du l)OIIt tclcscolw

011 May  31, 1995. ‘1’llc })~ cl)ip covers tl)c  slnal]cst  field (C}lil)l  ). Movil]g  allti-c]ockwisc,  tlIc

othcI  3 W1”2 fields corrcspo]]d to chips  2,3 and 4.

]“ig. 2.- Samp]i]]g variance of light curves from data l,akcl]  using  the exposure scqucncc

p;iw!ll  ill ‘1’ahlc  1.

Fig.  3 . -  3(a)  ~llip  1 l“i])cling  ~llart. ‘llI)c locat ions of tllc  NG~ 3351 ~;cpllcids  0]1 chip 1

(1’lal]ciary  ~alncra) of the WI{’I)G2 il,strulncl,t  a r c  lnarkcd. ‘1’}]c  field of view is 36 x 36

arcscc, ‘J’l)c Cc])l]cicls  arc circ]ccl al]d l a b e l e d  wit]] tllcir  idcntific.at,ioll ]IuInl.)cr  fro]]] ‘1’aJ)]c

6., 3(b) C}]i]) 2 l“inding  Chart. ‘J’hc locations of the NC(I 3351 Ccp]]cids  on chip 2 (Wide

F’icld  Camera) of the WI’’1’C2 instrument arc ~narkcd. ‘1’IJc field of view is 1.3 x 1.3 arclnil).,

3(C) ~l]ip 3 l“il)cling  chart. ‘J’hc locations of the NG~ 3351 Cc])llcids  01] chip 3 (Wide }’icld

~alncra) of tllc Wh’})~2  i~]strumcl)t  arc marked. Scale similar to l’igurc 3(11)., 3(c1) Chip 4

l“indil]g  ~llart, ‘1’hc locations of the N(; C 3351 ~cl)hcids  o]] clli])  4 (Wide F’ic]cl ~alncra)  of

tl)c  Wl~l’C2  illstrulncn~ am markcc].  Scale silnilar  to l’igurc 3(b).

l“ig. 4.- ~cpllcids  on  Ch ip  1 . l“inding  charts for illdividua]  ~cphcids  locatcc]  on chip I.

‘1’I]c field of view is 4.5 arcscc (100 pixc]s)  01] a side. ‘1’l]c Ccphcids  arc circled al]d  labeled

wit]] tllcir  idcmtification  nu]nlms  as listed ill ‘1’able 6.

l’ig. 5.- Ccpl]cids  on C h i p s  2 ,  3  allcl  4. 11’i]]clillg  cl]arts for il]clividual  Ccphcic]s  locatccl  011

clli])s 2, 3 and 4, ‘1’l)c field c~f view is 10 arcscc (1OO ])ixcls) c)]! a siclc.  ‘1’IIc Ccl)hcids ale

circ.lcd  ancl labeled wit]) tl]cir iclcultific,ation  Iiu Inl)crs as listc’cl  ill ‘~)ab]c  6.

l’ig. 6.- A histogram of ]miods  of tllc N(IC 3351 Cc])llcid  variable stars (solid lil)cs).  It ~s

co]]]  ])arcd  wit]) llistc)grallls  Inadc  froln  sill] ilar  l is ts  c)f (k~)llcicls fc)ullc]  ill M 31 (Ilaaclc and

Swo]w 1963,1W5)  (dottccl  lil)cs) al)d tl]c  MaScllal]ic  (;loud  calil)ratillg  saIII])lc (Madorc  198: ) )
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(clasllcd lines)  . Nach list is normalized to an integrated total of 50 stars.

P’ig. 7.- Al,l,l~RAMll  V magnitude light curves for each C!cphcid v~riablc. ‘1’hc  aclopicd

pcviod  is shown  along with a characteristic, uncertainty range as reported by A 1,1,}’’}{AME

for a typical point.

}’ig. 8.- An 1, V-1 c o l o r  m a g n i t u d e  diagrmn  c o n s t r u c t e d  using the lncal]  p}lotolnctric

]nagnitudm  of a]] s tars  measured in Al,l,l’’ltAM  l’;. Ccphcid  arc shown as filled circles

al]d popu]atc  l-kc instabi l i ty  strip. lntcmal  reddening within  tl]c  galaxy may contribute

substantially to t,hc distribution of the points.

l’ig. 9.- ‘1’hc V 1’1, relation for the samp]c of Ckphcids.  Four stars, c07, c09, cl 7 and c46

arc not included  (SCC text).  ‘1’l]c sol id  l ine rcprcscnlts  the best ullwcigl]tcd  fit usillg  p h a s e

wciglltcd  mean magnitudes al]d corresponds to a modulus of 30.383:0.06  msg. ‘J’hc dashed

lillcx drawn at +0.54  mag reflect the finite width of the Ccphcid instability strip  and thus

tllc cxpcctcd  20 sc.attcr  arouncl  the best fitting 1’1, rclatiol].

l~ig. 10,- ‘~’hc 1 }’1, relation for the salnp]c  of’ ~c])hcic]s.  11’our  stars, c07, c09, c17 and

c46 arc not il]cludcd  (SCC t e x t ) . ‘J’hc s o l i d  lil]c rcprcsc]]is tllc best unwcig;lltcd  fit. ]’hasc

wciglltcd  mcau 1 magnitudes (computed using phase informatio]l  and ]nagnitudcx  from tllq

V light curves (see Lcxt))  arc used. ‘1’lIc ap~mcnt  ]Iiodulus  is 30.2330.05 ]nag.  ‘1’IIc clashed

lil]cs drawn at iO.36 mag  reflect tlIc finite widt]l  of tl]c Ccpl]cicl instability strip a]ld thus

tlIc cx])cctcd  intrinsic 20 scatter aroulld  i,hc best fitti]lg  1’1, rclatio]l.

l’ig. 11,- hflagnitudc  rcsidua]s  i]) 1 arc p l o t t e d  a~;aillst  lnagllitudc  rcsidua]s  ill l/ f r o m  t h e

collc:s]~c)ll(lillg  1)1, rclatiol]s  for NG~ 3351. ‘1’lJC k]]owll  ]ilnits  of the Ckphcid  instability strip

arc slIow II hy tlIc llcavy  solid li]]c. ‘1’lIc  corrclatlion  cx]mtcd duc  to diflcrc]]tial  rcddcJling is

slIcnvII  by tlIc dotted li]lc. ~Lars wl]icl] scatter to the right ]]]ay lx subjcctf  to u]]usual]y  IIigl]

rcddcl]illg; duc to dust absorption]  witl]ill  IYG(; 335].


